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PROJECT SUMMARY 
NSF Engineering Research Center for Biorenewable Chemicals (CBiRC) 
 
Director (PI):  Brent H. Shanks, Iowa State University 
Lead Institution:  Iowa State University 
Core Partner Institutions:  University of New Mexico (MSI), W. M. Rice University, University of 
Wisconsin - Madison, University of Virginia, University of California - Irvine 
Collaborating Institutions:  University of Michigan, Salk Institute for Biological Studies 
Foreign Partner Institutions:  Fritz Haber Institute of the Max Planck Society, Germany; Technical 
University of Denmark. 
Intellectual Merit 
The NSF Engineering Research Center for Biorenewable Chemicals (CBiRC) will develop 
technology and the academic and industrial partnership needed to transition from the current petroleum-
based chemical industry to a renewable carbon-based industry.  The commodity chemical industry that is 
the focus of the center is critically important to many aspects of society.  Yet the current industry, which 
produces greater than 300 billion lbs/year of product in the U.S., is intrinsically unsustainable due to the 
non-renewable nature of its feedstock.  CBiRC will provide a novel environment for the research, training 
and education of a new cadre of engineers and scientists that, in turn, will generate a new paradigm for 
optimizing the transition to a biorenewable chemical industry. The unique focus of CBiRC will be 
exploiting the integration of biocatalytic and chemical catalytic technologies to efficiently produce 
biorenewable chemicals.  CBiRC will develop a new paradigm for producing biorenewable platform 
chemicals based upon the combinatorial metabolic processes of the polyketide biosynthetic pathway.  Key 
biocatalysts from this pathway will be incorporated into microbial host systems to produce a range of 
polyketide-based platform chemicals.  These platform chemicals will then be converted to final chemical 
products using chemical catalysts specifically designed for their selective conversion.  By integrating 
biocatalysis and chemical catalysis, CBiRC will create a consolidated technological framework that can 
be used to produce a broad array of biorenewable chemicals such as dienes, α-olefins and diacids.  CBiRC 
brings together biocatalyst and chemical catalyst research communities with extensive experience in 
converting biobased feedstocks and connects them with the industrial and innovation partners from the 
petrochemical, agricultural processing, chemical catalysis, biocatalysis, process licensor, and industrial 
chemical utilization commercial sectors that are needed for successful technology translation. 
Broader Impact 
Creating a sustainable chemical industry is a vital societal goal.  CBiRC will provide a novel 
multidisciplinary environment for the research, training and education of a new cadre of engineers and 
scientists needed to advance biorenewable chemical technology.  The expertise demands of the center 
necessitate a distributed model that also allows CBiRC to reach a geographically and culturally diverse 
student and faculty population.  The importance of biorenewables resonates with students of all ages, 
thereby creating a vibrant pool of students for the Center.  The excitement of the emerging biorenewables 
industry will be shared with pre-college students and teachers through programs developed at ISU and 
then shared more broadly through our member institutions.  Pre-college course content will be developed 
as a joint activity between the teachers and CBiRC. Undergraduate students will be engaged by CBiRC 
through domestic and international research experiences.  These opportunities in biorenewables will 
establish a diverse base of undergraduate students for recruitment into CBiRC graduate studies.  In 
addition to working in a multidisciplinary research environment, the graduate students will be 
educationally broadened through international research experiences, joint advising, new curriculum 
development and start-up company internships.  From this broad background, CBiRC graduates will have 
the skills needed to help bring the biorenewable chemicals industry to fruition. 
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PARTICIPANTS TABLES 
 
Partnering Institutions (Domestic and Foreign) 
Name of Institution City State / Country 
Lead Institution: 
Iowa State University Ames IA 
Core Partner Institutions: 
University of California – Irvine Irvine CA 
University of New Mexico (MSI) Albuquerque NM 
University of Virginia Charlottesville VA 
University of Wisconsin – Madison Madison WI 
W. M. Rice University Houston TX 
Collaborating Institutions: 
Salk Institute for Biological Studies La Jolla CA 
University of Michigan Ann Arbor MI 
Foreign Partner Institutions: 
Fritz Haber Institute, Max Planck Society Berlin Germany 
Technical University of Denmark Lyngby Denmark 
 
Leadership Team 
Position Title Name Department Institution 
Director Brent H. Shanks Chemical & Biological 
Engineering 
Iowa State 
University 
Deputy Director Basil J. Nikolau Biochemistry, 
Biophysics & 
Molecular Biology 
Iowa State 
University 
Diversity Director Derrick K. Rollins Chemical & Biological 
Engineering 
Iowa State 
University 
Administrative 
Director 
Tonia McCarley ERC Staff Iowa State 
University 
Industrial 
Collaboration/ 
Innovation Director 
Jill E. Euken Bioeconomy Institute / 
ERC Staff 
Iowa State 
University 
Pre-College 
Education Program 
Director 
Adah Leshem-Ackerman Ecology, Evolution & 
Organismal Biology 
Iowa State 
University 
University 
Education Program 
Director 
D. Raj Raman Agricultural & 
Biosystems 
Engineering 
Iowa State 
University 
International 
Education Program 
Director 
Abhaya K. Datye Chemical & Nuclear 
Engineering 
University of 
New Mexico 
Thrust Leader 
(Thrust 1) 
David J. Oliver Genetics, Development 
& Cell Biology 
Iowa State 
University 
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Thrust Leader 
(Thrust 2) 
Ka-Yiu San Bioengineering W. M. Rice 
University 
Thrust Co-Leader 
(Thrust 2) 
Jacqueline V. Shanks Chemical & Biological 
Engineering 
Iowa State 
University 
Thrust Leader 
(Thrust 3) 
Robert J. Davis Chemical Engineering University of 
Virginia 
Chair, Student 
Leadership Council 
Basak Cinlar Chemical & Biological 
Engineering 
Iowa State 
University 
 
Research Thrusts 
 
Thrust 1 – New Biocatalysts for Pathway Engineering 
Position Title Name Department Institution 
Thrust Leader David J. Oliver Genetics, Development 
& Cell Biology 
Iowa State 
University 
Faculty Investigator Thomas A. Bobik Biochemistry, 
Biophysics & 
Molecular Biology 
Iowa State 
University 
Thrust Co-Leader Basil J. Nikolau Biochemistry, 
Biophysics & 
Molecular Biology 
Iowa State 
University 
Faculty Investigator Joseph P. Noel Jack H. Skirball Center 
for Chemical Biology 
& Proteomics 
Salk Institute for 
Biological 
Studies 
Faculty Investigator Eran Pichersky Molecular, Cellular & 
Developmental Biology 
University of 
Michigan 
Faculty Investigator Peter J. Reilly Chemical & Biological 
Engineering 
Iowa State 
University 
 
Thrust 2 – Microbial Metabolic Engineering 
Position Title Name Department Institution 
Thrust Leader Ka-Yiu San Bioengineering W. M. Rice 
University 
Faculty Investigator Nancy A. Da Silva Chemical Engineering 
& Materials Science 
University of 
California, Irvine 
Faculty Investigator Julie A. Dickerson Electrical & Computer 
Engineering 
Iowa State 
University 
Faculty Investigator Ramon Gonzalez Chemical & 
Biomolecular 
Engineering 
W. M. Rice 
University 
Faculty Investigator Laura R. Jarboe Chemical & Biological 
Engineering 
Iowa State 
University 
Faculty Investigator Suzanne B. Sandmeyer Biological Chemistry University of 
California, Irvine 
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Thrust Co-Leader Jacqueline V. Shanks Chemical & Biological 
Engineering 
Iowa State 
University 
Faculty Investigator Eve S. Wurtele Genetics, Development 
& Cell Biology 
Iowa State 
University 
 
Thrust 3 – Chemical Catalyst Design 
Position Title Name Department Institution 
Thrust Leader Robert J. Davis Chemical Engineering University of 
Virginia 
Faculty Investigator Abhaya K. Datye Chemical &Nuclear 
Engineering 
University of 
New Mexico 
Faculty Investigator / 
Thrust Management 
James A. Dumesic Chemical Engineering University of 
Wisconsin, 
Madison 
Faculty Investigator / 
Thrust Management 
George A. Kraus Chemistry Iowa State 
University 
Faculty Investigator Richard C. Larock Chemistry Iowa State 
University 
Faculty Investigator Matthew Neurock Chemical Engineering University of 
Virginia 
Thrust Co-Leader Brent H. Shanks Chemical & Biological 
Engineering 
Iowa State 
University 
Faculty Investigator L. Keith Woo Chemistry Iowa State 
University 
 
Life Cycle Assessment Support Area 
Position Title Name Department Institution 
Thrust Leader Robert P. Anex Agricultural & 
Biosystems 
Engineering 
Iowa State 
University 
 
Other Non-University Partners 
Pre-College Institutions 
Name of Organization City State / Country 
Des Moines Public School District Des Moines IA 
Iowa Area Education Agency 11 Johnston IA 
 
Innovation Partners 
Name of Organization City State / Country 
IllinoisVentures, LLC Chicago IL 
Khosla Ventures, LLC Menlo Park CA 
Kleiner Perkins Caulfield & Byers Menlo Park CA 
Pappajohn Center for Entrepreneurship 
(at Iowa State University) 
Ames IA 
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Advisory Boards / Councils 
 
Industrial Advisory Board 
Name Title Department / Division Institution / Firm 
Mitchell D. Refvik Lead Senior Research 
Chemist 
Specialty Chemistry & 
Product Development 
Chevron Phillips 
Chemical 
Company, LLC 
Frank Barresi Vice President, Product 
Research & Development
n/a Grain Processing 
Corporation 
Joe Jump Staff Scientist Novozymes North 
America, Inc. 
Novozymes 
Jason Kwiatkowski Biorefinery Research 
Lead 
n/a POET, LLC 
 
Scientific Advisory Board* 
Name Title Department / Division Institution / Firm 
Bruce Gates Professor Chemical Engineering 
& Materials Science 
University of 
California, Davis 
Chaitan Khosla Wells H. Rauser and 
Harold M. Petiprin 
Professor and Chair 
Chemical Engineering Stanford 
University 
James C. Liao Chancellor’s Professor Chemical & 
Biomolecular 
Engineering 
University of 
California, Los 
Angeles 
Gregory 
Stephanopoulos 
Bayer Professor of 
Chemical Engineering 
Chemical Engineering Massachusetts 
Institute of 
Technology 
* As of the date of this report, the Scientific Advisory Board is still being formed.  Those listed above 
have agreed to serve and are committed to membership.  Two additional members will be recruited, one 
with disciplinary expertise in the biological sciences and another with interdisciplinary expertise more 
broadly in the area of biorenewables. 
 
Student Leadership Council* 
Name Title Department / Division Institution / Firm 
Basak Cinlar (Chair) Doctoral Student Chemical & Biological 
Engineering 
Iowa State 
University 
Christopher Leber Doctoral Student Chemical Engineering 
& Materials Science 
University of 
California, Irvine 
Marna Yandeau-Nelson 
(Advisor) 
Associate Scientist Biochemistry, 
Biophysics & 
Molecular Biology 
Iowa State 
University 
* As of the date of this report, the Student Leadership Council is still being formed.  Those listed above 
have agreed to serve and are committed to membership.  Two additional graduate students (one from 
Iowa State University and another from a core partner institution) and an undergraduate student will be 
recruited to complete the Council’s membership.  Dr. Marna Yandeau-Nelson has agreed to serve on the 
Council in an ex officio capacity as a non-leadership team advisor/mentor for the students. 
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NARRATIVE 
 
1. Systems Vision and Value Added of the Center 
 
1.1. Systems Vision 
 
In the U.S., the production of industrial chemicals is a $400 billion-plus enterprise that 
impacts all aspects of society from personal care products to building materials.  Unfortunately, 
this vital industry is not self-sustaining; its long-term future is predicated on transitioning from 
current nonrenewable, petroleum feedstocks to renewable biobased feedstocks.  The 
development of conversion technologies needed to facilitate this transition is the focus of the 
NSF Engineering Research Center for Biorenewable Chemicals (CBiRC). 
CBiRC will provide a novel environment for the research, training and education of a new 
cadre of engineers and scientists that, in turn, will generate a new paradigm for optimizing the 
integration of biocatalyst and chemical catalyst systems for the biorenewable chemical industry. 
CBiRC will conduct fundamental research that will address underlying technical challenges of 
developing integrated catalytic systems for converting biobased feedstocks into industrial 
chemicals.  These fundamental research activities will facilitate a paradigm shift in the industrial 
chemical industry as it transitions from petroleum-based feedstocks to biobased renewable 
feedstocks.  The vision statement for the center is: 
 
CBiRC will transform the chemical industry by integrating biological and 
chemical catalysis to create a generalized framework for producing biorenewable 
chemicals.  CBiRC will provide educational programs that attract a diverse set of 
students into the engineering field, and produce a new cadre of globally-
competitive college graduates capable of designing integrated chemical/ 
biological processing systems. 
 
A major impediment to moving from single-use carbon or petroleum feedstocks to multi-use 
carbon or biorenewable feedstocks is the high efficiency associated with current chemical 
production processes.  This efficiency is the cumulative optimization of petrochemical catalysts 
over the past 60 years.  In contrast, the production of industrial chemicals from biorenewable 
feedstocks is in its infancy and significant technological developments of new bio- and chemical 
catalytic systems are required.  These new catalyst paradigms are needed to accomplish chemical 
conversion processes from highly functionalized substrates inherent in biobased feedstocks. This 
contrasts with the current low functionality of petroleum-based feedstocks (i.e., ethylene, 
propylene, and benzene).  These new paradigms will necessitate educating and training engineers 
and scientists who can look beyond conventional chemical production approaches. 
Unlike the transportation fuels market, which has a limited number of products, the chemical 
industry has a broad array of smaller volume products and thus requires a broader technology 
base than the fuels industry.  In turn, this places a higher premium on technology development.  
In 1996, chemicals were a bright spot in U.S. trade with net chemical exports of almost $20 
billion.  However, the ensuing 10 years saw the U.S. turn from net exporter to net importer of 
chemicals.  This dramatic change is due to the increased fungibility of petrochemical technology; 
new grassroots plant capacity is only being built close to the petroleum feedstock sources, which 
are largely offshore.  Transforming the chemical industry to utilize biorenewable feedstocks 
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provides the opportunity to reverse this trend.  CBiRC will address the developments needed for 
industrial chemical production from biobased feedstocks. 
The intellectual basis for CBiRC arises from two important concepts; a) development of 
efficient conversion processes for producing chemicals from biorenewable feedstocks must 
synergistically draw from both biocatalysis and chemical catalysis technology, and 
b) transforming the chemical industry from petrochemicals to biorenewable chemicals will 
require a generalized framework that can produce a range of chemicals from a common 
technological basis.  While biocatalysts and chemical catalysts can both be utilized to convert 
biorenewable feedstocks, the lack of integration between these technology areas limit the 
potential to create economically viable alternative routes to chemicals.  Currently, each of these 
catalysis technology communities works in isolation from each other.  Additionally, companies 
with expertise in biocatalysis typically have limited expertise in chemical catalysis and vice 
versa.  There is a need to bring expertise from both of these areas to create efficient biorenewable 
chemical processes.  CBiRC will provide a centralized location for biocatalyst and chemical 
catalyst researchers and industries. 
The second key concept for CBiRC is the development of a generalized framework that is 
capable of being exploited to make a range of chemicals.  An important aspect of the efficiency 
of the current petrochemical industry is the fact that it is primarily based on three building 
blocks, which are ethylene, propylene, and benzene.  Significant efficiencies are created for the 
petrochemical production systems due to this building block framework.  In contrast, there is 
significant research ongoing through the U.S. and the world that is aimed at developing 
technology that targets one or two biorenewable chemicals at a time.  Unfortunately, this 
approach is quite costly and slow as it requires all of the investment in time and money for one 
chemical at a time.  At the heart of CBiRC is an alternative combinatorial metabolic-based model 
that will be flexible in its capacity to generate a series of platform chemicals that, being 
composed of more reduced carbon species, will have more desirable functionalities. 
 
1.2. Value Added and Broader Impacts 
 
Research 
 
Engineered Systems-level Approach and Advances 
As described in the previous section, CBiRC provides a single center in which biocatalysis 
and chemical catalysis researchers are working in concert.  While one can commonly create a 
chemically-viable route to produce a specific biorenewable chemical using only a biocatalytic or 
a chemical catalytic conversion pathway, the high efficiency of the current petrochemical 
production system requires that any competing process based on a biorenewable feedstock must 
be extremely efficient to be economically viable.  Meeting this efficiency hurdle will require 
exploiting the collective strengths of both biocatalysts and chemical catalysts while avoiding 
their weaknesses.  This objective can only be achieved when the biocatalysis and chemical 
catalysis researchers are directly comparing and integrating the conversion approaches.  The 
ability to bring together expertise in both of these areas cannot be achieved in single investigator 
grants.  In fact, combined expertise in both of these areas rarely exists even within large 
companies.  Therefore, CBiRC creates the unique opportunity to synergistically develop efficient 
biocatalyst/chemical catalyst systems for producing biorenewable chemicals. 
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The prevailing approach for developing biorenewable chemicals to replace petrochemicals 
relies on targeting one or two chemicals at a time.  This serially based approach is inherently 
expensive and time consuming.  The second engineered systems-level approach underpinning 
CBiRC is the creation of a generalized production framework that can lead to a large range of 
different chemicals.  This expansive vision, which differentiates CBiRC from any other 
organization, can only be accomplished through an activity that is at least as large as a center.  
The generalized production framework being developed by CBiRC depends on the creation of a 
common metabolic pathway leading to intermediate chemicals that are subsequently converted to 
the chemical product using chemical catalysts.  Two of the center’s research thrusts (Thrust 1 – 
New Biocatalysts for Pathway Engineering and Thrust 2 – Microbial Metabolic Engineering) 
will focus on exploiting the fatty acid/polyketide synthesis pathway in microbial hosts to create 
the common metabolic pathway, while the third research thrust (Thrust 3 – Chemical Catalyst 
Design) will focus on developing a general chemical catalyst “tool chest” for conversion of the 
biocatalyst-derived products. 
The first two test beds provide examples of how the research thrusts will be integrated to 
efficiently produce biorenewable chemicals. One test bed involves the microbial-based 
production of methylketones that are subsequently hydrogenated/dehydrated by chemical 
catalysts to dienes.  The second integrative test bed will produce short- to medium-chain fatty 
acids via microbes followed by decarboxylation to α-olefins with a chemical catalyst. 
 
Research Productivity 
While CBiRC has only been in operation for about six months, we can already see the 
projects laying the groundwork for the research productivity enhancement that will be possible 
due to the establishment of the center.  Examples of cross-lab activities within the initial six 
months include a cooperative effort between the Pichersky and Noel groups which has led to the 
synthesis and testing of a number of Methylketone Synthase 1 mutants; the San group has cloned 
a methylketone synthase gene, SIMKS2 (received from the Pichersky group), into higher copy 
number plasmids; a workshop involving fatty acid analysis was led by Dr. Ann Perera from the 
Nikolau group for the Thrust 2 group; and silica doped niobium oxides synthesized by the 
Dumesic group were tested for hydrothermal stability and characterized by the Datye group. 
 
Education Outcomes 
 
CBiRC believes that the characteristics desired of an innovative, adaptive, and creative 
engineer are as follows: 
 They will possess a deep understanding of fundamental principles honed by hands-on 
experiences in design courses, in the lab, and/or in industrial internship settings. These 
experiences and understanding of fundamental principles will make them willing and critical 
experimenters who are forever improving the systems on which they work. 
 They will have had a cross-disciplinary education that includes sufficient breadth that allows 
serious consideration of alternative solutions. In the context of CBiRC, this means that they 
will be able to see the wide-ranging potential for both chemical and biological catalysis for 
the production of biorenewable chemicals. 
 They will understand that economic and environmental constraints are absolutely central to 
the practice of engineering, and will be capable of evaluating their work on the basis of 
economic and environmental criteria. 
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 They will have a sense of purpose – that the work at hand is important to humanity’s future. 
This will be engendered by exposure to broader issues of sustainability and global ethics. 
 
Curricular and Interdisciplinary Impacts 
CBiRC will affect the curriculum, as a proposal for a new 14-credit hour graduate minor in 
CBiRC moves forward. The request for the graduate minor has been initiated and the official 
program approval should be achieved within the next several months. 
 
Pre-College Program Impacts on Pre-College Students, Classrooms, and Teachers 
The CBiRC RET program, which has seven teachers enrolled from the Des Moines Public 
School District, will be initiated this summer.  Four Des Moines Public School District middle 
school teachers and a science consultant from Heartland AEA (Iowa Area Education Agency 11, 
also a CBiRC partner) will be involved in the initial offering for the CBiRC Summer Academy. 
 
Industrial Collaboration and Technology Transfer Interactions 
 
Role of Industry/Practitioners 
CBiRC is targeting six technology sectors as potential membership companies that are 
essential for moving biorenewable chemical technology forward, including petrochemical 
producers, agricultural product processors, chemical catalyst providers, biocatalyst providers, 
process licensors, and industrial chemical users.  Both large and small company memberships 
will be available that have the same rights but different membership fees.  The role of the 
membership companies will have seven dimensions; 1) guidance on selection of the chemical 
product targets, 2) guidance on the research program in the center both formally through 
interactions with the faculty researchers and informally through interactions with the students, 
3) performing an annual SWOT analysis of CBiRC, 4) evaluation of intellectual property 
generated by the center, 5) development of member-specific research projects (supported by 
separate funds from the members), 6) provide a means for technology transfer both through IP 
translation and student internships, and 7) support of CBiRC through annual membership fees.  
Guidance to the center will be formally scheduled as part of the CBiRC center-wide meeting that 
will be held in the Fall of each year.  All of the research faculty and their students will be invited 
to attend these meetings, the first of which is scheduled for October 5-6, 2009.  The SWOT 
analysis will be performed annually prior to the site visit and the remaining activities. 
 
Technology Transfer Approach 
Technology will be translated to commercial application through three avenues: 1) directly to 
an established large or small member company, 2) in collaboration with an existing start-up 
company, or 3) through the establishment of a new start-up company.  The means of handling 
technology transfer to an established company will be through direct IP licensing or through 
collaborative projects.  We have added a third membership category for the center, which is a 
start-up company membership.  The start-up company members will provide an opportunity for 
technology translation, as they will be intimately aware of the technology being developed by 
CBiRC, and they have experience in technology translation.  Therefore, recruiting start-up 
companies that have connection to the technologies being developed by CBiRC will be a key 
aspect of our technology translation.  The third approach for technology translation will be 
through creation of a new start-up company.  We are fortunate that several of the CBiRC faculty 
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have experience with this activity.  Additionally, we will use our innovation partners for 
entrepreneurship education for our students as well as support for establishment of start-up 
companies.  We have initiated relationships with three Venture Capital companies to aid us in 
this approach. 
 
Team and Its Diversity 
 
Interdisciplinary Composition of the CBiRC Team 
The overall CBiRC research team is composed of disciplinary experts from chemical 
engineering, chemistry, biochemistry, biology, genetics, electrical engineering, agricultural 
engineering, and microbiology and represent faculty from both the biocatalysis and chemical 
catalysis communities.  Each research thrust includes experts from at least two disciplines, so the 
interdisciplinary efforts are across the center as well as within the individual research thrusts. 
 
Progress on Participation of Underrepresented Groups 
We have initiated involvement with the National Organization for Black Chemists and 
Chemical Engineers (NOBCChE) by first participating in the Fall Midwest Regional meeting to 
recruit students for both the CBiRC REU program and graduate studies.  We also have had direct 
discussions with Tuskegee University, University of Puerto Rico – Mayaguez (UPRM), Prairie 
View A&M University, and Florida A&M University for recruiting high ability minority 
students into the CBiRC REU program. 
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1.3. Highlights of Significant Achievements and Impacts 
 
CBiRC began operation on September 1, 2008, so this first report represents the initial six 
months of center operation.  The center infrastructure has been established and all key 
administrative and administrative support positions have been filled.  The research projects have 
been initiated and primarily staffed, although some additional graduate students will begin in the 
Fall.  Our education programs will commence during the Summer, 2009.  We have initiated a 
number of exciting projects in the Learning, Discovery, and Research Infrastructure areas, as 
summarized below. 
 
 Learning:  Initiated RET and REU programs, which include unique interactions with 
Minority-Serving Institutions and collaborative efforts with the National Commission on 
Teaching and America’s Future. 
 Discovery:  Novel methylketone synthase elucidation; cloned methylketone synthase gene 
into higher copy number E. coli plasmid; enhanced niobia hydrothermal stability through 
silica incorporation. 
 Research Infrastructure:  Construction of the Biorenewables Research Laboratory (BRL) at 
Iowa State University, which will be the administrative home and research focal point for 
CBiRC, has commenced. 
 
These projects are expected to yield deliverables in the upcoming year that will provide 
specific highlights in the next annual report. 
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2. Strategic Research Plan and Overall Research Program 
 
2.1. Strategic Research Plan 
 
The overarching goal of CBiRC is to create a broad-based technological framework that can 
establish the engineering and intellectual infrastructure to generate a flexible system for 
producing a large number of biorenewable chemicals.  This goal is in marked contrast to current 
efforts in biorenewable chemical development that target one chemical product at a time.  
Therefore, the 3-Plane Strategic Planning Chart for CBiRC shown in Figure 2.1 is enclosed 
within the biorenewable chemical industry as a means of demonstrating the broad-based 
technological framework that is the ultimate goal of CBiRC.  The basis for this framework is to 
exploit the polyketide/fatty acid biosynthetic pathway to generate an array of chemical 
intermediates that can be subsequently converted to industrial chemical products using chemical 
catalysts.  As shown in the figure, CBiRC anticipates that technological developments along the 
path to this broad-based framework will also create valuable deliverables such as improved 
biocatalysts and chemicals catalysts. 
Fig. 2.1.  CBiRC 3-plane strategic planning chart. 
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To achieve the technological vision for CBiRC, a number of key technical and organizational 
barriers will need to be overcome: 
 The biocatalytic machinery of the polyketide/fatty acid synthesis pathway will 
need to be understood so that it can be systematically harnessed. 
 Microbial systems will need to be designed that can efficiently produce reduced 
carbon chemical species. 
 Chemical catalysts will need to be designed that can selectively convert 
multifunctional substrates in the condensed phase. 
 The ability to develop synergistically biocatalysts and chemical catalysts will 
need to be demonstrated. 
 The sustainability of the combined biocatalyst/chemical catalyst systems will 
need to be validated. 
Three research thrusts areas will be used to organize efforts to address the key technical 
barriers.  These thrusts areas are 1) new biocatalysts for pathway engineering, 2) microbial 
metabolic engineering, and 3) chemical catalyst design.  Each of these research thrust areas have 
key technical goals that will need to be achieved within the individual thrust.  Additionally, test 
beds will be established that will require the technological advancements from the three thrusts 
to be integrated.  These test beds will be used to validate CBiRC’s ability to integrate across 
biocatalysts and chemical catalysts, thereby addressing a key technical and organizational barrier 
for the center.  The two initial test beds will be the production of dienes and α-olefins.  Since the 
creation of a sustainable chemical industry is an objective of the center, life cycle assessment 
research will also be performed to validate the sustainability of the developed 
biocatalyst/chemical catalyst systems.  Critical milestones for each thrust are summarized in the 
following timeline for years 1 through 5. 
 
Critical Milestone Chart, Years 1-5 
 Year 1 Year 2 Year 3 Year 4 Year 5 
T1: Biocatalyst elucidation      
T2: Microbial host development      
T2: Incorporation of new pathway into 
microbial host 
     
T3: Chemical catalyst development for 
polyketide-based intermediate 
     
T3: Chemical catalyst development for α-
olefin production 
     
T3: Translation of α-olefin catalyst 
technology to an innovation partner 
     
 
1. Identify an acyl-ACP thioesterase (TE) or methylketone synthase/thioesterase (MKS) that can “stop” the fatty 
acid biosynthetic machinery early in the elongation cycles. (fundamental plane). 
2. Develop a microbial system for producing medium chain length fatty acids and/or methylketones using 
Escherichia coli and Saccharomyces cerevisiae. (technology plane). 
3. A novel polyketide biosynthetic biocatalyst, rationally selected from the work in Thrust 1, will be engineered 
into a microbial host system. (fundamental\technology plane). 
1
2
4
7
5
=  critical milestones within a thrust  =  critical integration milestones 
3
6
8
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4. A new polyketide biosynthetic pathway in a microbial host system will be optimized and demonstrated. 
(technology plane). 
5. A chemical catalyst system that selectively converts a model 3-en-2-one molecule will be demonstrated. 
(technology plane). 
6. A new polyketide-derived 3-en-2-one molecule platform chemical will be synthesized in a microbial host 
system and the resulting chemical will be converted to the final diene product using a chemical catalyst. 
(systems level plane). 
7. A novel chemical catalyst that selectively converts fatty acids to α-olefins will be demonstrated. (technology 
plane). 
8. The α-olefin catalyst technology will be transferred to an innovation partner. (technology plane). 
 
The focus of the first five years of the center will be the integrative test beds as well as 
development of the enabling technology within each research thrust to move towards the 
realization of a new comprehensive framework for producing biorenewable chemicals.  In the 
second five years, the focus of CBiRC will be on adding new integrative test bed chemical 
products as well as translation of the technology from CBiRC to our industrial and innovation 
partners.  To this end, the innovation portion of the center will be initiated in the first five years 
by establishing a student internship program with startup companies.  In this program, students 
will continue to receive their stipends through CBiRC but will perform a summer internship at a 
biorenewables-related start-up company.  This program will better educate students on the 
entrepreneurial culture in start-up companies and will provide stronger connections between 
CBiRC and small firms, thereby facilitating their engagement.  
While the deliverables in the first five years focus on two integrated test beds, dienes and 
α-olefins, as development of the technological underpinnings of the combined 
biocatalyst/chemical catalyst framework and enabling technologies within the individual 
research thrusts progress, the deliverables in years 6 through 10 will focus on diversifying the 
chemical products through manipulation of the fatty acid/polyketide metabolic platform with 
subsequent chemical catalyst conversion.  Shown in the chart below are the high-level activities 
and expected deliverables for years 6 through 10. 
 
Milestone Chart, Years 6-10. 
 Year 6 Year 7 Year 8 Year 9 Year 10 
T1: Product diversification      
T2: Microbial host development      
T1/T2: Incorporation of new pathways 
into microbial hosts 
     
T3: Chemical catalyst development for 
polyketide-based intermediates 
     
T1/T2/T3: Integrated conversion process 
for first chemical product 
     
T1/T2/T3: Generalized framework 
established 
     
 
 
1. Identify target compounds that can readily be produced by manipulating the fatty acid biosynthetic machinery. 
2. Develop a more efficient experimental algorithm for rapid microbial host development through integration of 
omics experiments, flux analysis, and bioinformatics with strain constructions. 
1
2
3
5
4
=  deliverables  
6
1 1
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3. Develop a general translation methodology for taking the novel polyketide biosynthetic biocatalysts discovered 
and/or developed by Thrust 1 into our microbial host systems. 
4. Develop generalized criteria for the types of intermediate products that can be efficiently converted with 
chemical catalysts to help guide biocatalyst targets. 
5. Translate first integrated biocatalyst/chemical catalysis conversion process to an innovation partner. 
6. A generalized framework with design rules is established for combining intermediate chemicals produced 
through the fatty acid/polyketide biosynthetic pathway with chemical catalyst conversion to final products. 
 
Strategically, technology will be translated to commercial application through three avenues; 
1) directly to an established large or small member company, 2) in collaboration with an existing 
start-up company, or 3) through the establishment of a new start-up company.  The means of 
handling technology transfer to an established company will be through direct IP licensing or 
through collaborative projects directly funded by a member company or group of member 
companies.  As discussed in more detail in Section 4 (Industrial/Practitioner Collaboration, 
Technology Transfer, and Innovation), we have added a third membership category for the 
center, which is a start-up company membership.  The start-up company members will provide 
an opportunity for technology translation, as they will be intimately aware of the technology 
being developed by CBiRC, and they have experience in technology translation.  Therefore, 
recruiting start-up companies that have connection to the technologies being developed by 
CBiRC will be a key aspect of our technology translation strategy.  The third approach for 
technology translation will be through creation of a new start-up company.  We are fortunate that 
several of the CBiRC faculty have experience with this activity.  Additionally, we will use our 
innovation partners for entrepreneurship education for our students as well as support for 
establishment of start-up companies.  We have initiated relationships with three Venture Capital 
companies to aid us in this last approach. 
All projects in the Center, regardless of source of support, are listed by research thrust or 
support area in Table 2.  The specifics of each of these projects are discussed in Section 1.2 
(Research Program by Thrust) and the “Project Summaries” section of Volume II. 
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Biochemistry and 
biophysics
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Biology, general
4%
Chemical engineering
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Chemistry
18%
Electrical, electronics, 
communications engineering
4%
Environmental engineering
4%
Genetics, animal 
and plant
9%
Microbiology
4%
Fig. 2a.  Research project investigators by disclipline. 
 
 
2.2. Research Program (by Thrust) 
 
Thrust 1 - New Biocatalysts for Pathway Engineering 
 
CBiRC will develop technologies for generating a series of biologically derived chemicals 
that will represent a new precursor landscape for producing commodity molecules or final 
chemical products.  This landscape will be established via a new paradigm in combinatorial 
metabolism based on biocatalysts identified and characterized by Thrust 1.  These biocatalysts 
will be accessed from a wide variety of organisms that harbor different polyketide/fatty acid 
biosynthetic pathways.  These metabolic processes offer flexible biochemical conversions that 
can reiteratively generate a homologous series of alkyl-chains, which carry different chemical 
functionalities at specific positions of the molecules.  Theoretically, these metabolic processes 
can generate alkyl-chains that range from 3-carbon to 18-carbon atoms; however, our initial 
focus will be on molecules that are up to 10-carbon atoms.  It is important to note that the focus 
of the work is not the synthesis of complex polyketides, but using the biocatalytic machinery of 
the polyketide/fatty acid pathways to produce smaller molecules. 
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Role of Thrust 1 in CBiRC 
 
Since the goal of CBiRC is to produce biologically-derived chemicals that act as precursors 
for a broad range of chemical feedstocks, we have focused on one of the most biochemically 
flexible and diverse pathways for modification; namely, the fatty acid (FAS) or polyketide (PKS) 
synthase system.  We will introduce the projects that make up Thrust 1 by first introducing the 
biochemistry of this pathway so that the roles and contributions of each of the individual projects 
are clear. 
The FAS system builds fatty acids by the sequential addition of two carbon acetate units.  
The acetate units are activated by forming thioesters on the cofactor coenzyme A (CoASH) or 
the acyl carrier protein (ACP).  The acetyl-ACP is energized to drive the synthesis of the fatty 
acid by the transient attachment of bicarbonate to form malonyl-ACP.  The condensation of these 
activated acetates is catalyzed by 3-ketoacyl synthetase III (KAS III).  The 4-carbon 3-ketoacyl-
ACP is then reduced, dehydrated, and reduced to form acetoacetyl-ACP.  The reaction cycle 
continues with malonyl-ACP providing additional activated acetate units and other isoforms of 
KAS catalyzing the condensation reaction.  The natural product of the major FAS systems in 
most organisms is either a 16- or 18-carbon acyl-ACP that is then released as an even-numbered, 
straight-chain fatty acid by a thioesterase activity.  The overall objective of Thrust 1 is to modify 
the enzymes involved in this process in order to create a group of biocatalysts that can be used to 
synthesize unique intermediates from the FAS system.  These products are short chained fatty 
acids that are even or odd numbered, are straight chained or branched, can contain keto or 
hydroxyl groups, and can be saturated or unsaturated. 
 
 
 
Fig. 2.2.  The fatty acid synthase system and associated enzymes.  The key enzymes that are being 
studied by Thrust 1 researchers are identified.  KAS III, 3-ketoacyl synthases; MKS1, methylketone 
synthase; TE, acyl-ACP thioesterases; ACS, acetyl-CoA synthetase; ACC, acetyl-CoA carboxylase.  One 
cycle of synthesis is shown.  Longer chained fatty acids can be synthesized by condensing the butyl-ACP 
with a second malonyl-ACP to form the C6 condensation product.  Intermediates in the pathway could be 
released by MKS1 or TE activities which could include any of the ACP-bound intermediates. 
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Figure 2.2 presents a simplified schematic of the FAS system and highlights the catalysts that 
will be targeted by the different projects.  KAS III catalyzes the first condensation reaction where 
a primer molecule, acetyl-CoA, reacts with an extender molecule, malonyl-CoA, to form 
3-ketobutyryl-ACP.  Subsequent condensation reactions are not shown but are catalyzed by 
KAS I and KAS II.  Thioesterases hydrolyze the release of the fatty acid from ACP.  They 
should also be capable of releasing the other intermediates of the pathway.  Methylketone 
synthase (MKS1) is capable of hydrolyzing the 3-keto ACS intermediate with concomitant 
decarboxylation.  Acetyl-CoA carboxylase (ACC) catalyzes the synthesis of malonyl-CoA, 
which is used as an extender molecular in some organisms like Clostridium.  An additional 
project is working to alter the FAS system to work with the cofactor CoASH instead of ACP.  
Another group is trying to diversify the products by altering the range of starter molecules from 
just acetyl-CoA to include propionyl-CoA and isobutyryl-CoA using altered acyl-CoA 
synthetases and acetyl-CoA carboxylases.  The final group is providing database support to 
catalog the diversity of these biocatalysts available in nature.  These projects are each 
summarized below. 
 
Long-term Goal 
 
The goal of Thrust 1 is to identify and/or generate new biocatalysts from the broader 
polyketide biosynthetic enzyme bio-machinery, which can be used to diversify the fatty acid 
biosynthesis pathway.  Optimization of the latter will be a coordinated effort with Thrust 2.  To 
achieve this Thrust 1 goal, we will put in place a multi-pronged parallel strategy, each prong of 
which will target a specific class of biocatalysts.  Specific biocatalyst targets that will be initially 
explored include the following: 
1. Acyl-ACP thioesterases (TE) 
2. Methylketone synthase/thioesterases (MKS) 
3. 3-ketoacyl-ACP synthases (KS) 
4. acetoacetyl-CoA synthetases (AACT) 
5. acetyl-CoA/propionyl-CoA synthetases (ACS) 
6. acyl-CoA carboxylases (AcCbx) 
 
These enzymes provide a means of 1) “stopping” the fatty acid biosynthetic machinery early 
in the elongation cycles to produce molecules that are of shorter carbon length than normal (i.e., 
<6-8 carbons) (TE and/or MKS); 2) diversifying products of fatty acid/polyketide biosynthesis 
by facilitating the condensation of alternative intermediates of the cycle (KS); 3) diversifying the 
precursors of fatty acid synthesis and thus generating alternative products (ACS and AcCbx); 
and 4) duplicating the fatty acid biosynthetic machinery to avoid the acyl-carrier protein (ACP) 
track and generating a CoA-dependent track (AACT). 
Each of these enzyme systems are independent research tracts that will utilize a similar 
research strategy to generate independent deliverables that can be modularly assembled 
independently into the appropriate hosts developed by Thrust 2 (i.e., Escherichia coli and 
Saccharomyces cerevisiae). 
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 Project Goal/Scope Investigators 
Thioesterases Biocatalysts for terminating FAS/PKS 
system at 6-8 carbon chain lengths 
Nikolau; Reilly; 
Noel 
Methylketone 
synthase/thioesterase 
Biocatalysts for terminating FAS/PKS 
system at 6-8 carbon chain lengths 
Pichersky; Noel 
3-ketoacyl-ACP 
synthase 
Biocatalysts for diversifying 
condensation reactions of FAS/PKS 
Nikolau; Reilly; 
Noel 
acetoacetyl-CoA Biocatalysts for switching FAS/PKS 
system to a CoA track 
Bobik 
acetyl-
CoA/propionyl-CoA 
synthetase 
Biocatalysts for diversifying precursor 
pools for FAS/PKS system 
Oliver 
acyl-CoA 
carboxylases 
Biocatalysts for diversifying precursor 
pools for FAS/PKS system 
Nikolau; Reilly 
 
Summary of Research Accomplishments 
 
Thioesterase.  In most organisms the fatty acids are hydrolyzed from ACP by a family of 
acyl-ACP thioesterases (TE).  Key to the overall effort of Thrust 1 is to release intermediates 
from the fatty acid synthase that are C6 and shorter.  Thioesterases from animals normally 
release C16 fatty acids.  Plants, however, exist that produce fatty acids from C8 to C14.  The 
Nikolau group is working to identify naturally occurring thioesterases that produce shorter than 
normal fatty acids.  In the future they will use the rules they have learned from the molecular and 
structural analysis of these proteins to design now biocatalysts that will release even shorter fatty 
acids or fatty acid intermediates from ACP.  To date they have cloned the cDNAs from oil palm 
(Elaeis guineensis) which produces large amounts of C12 fatty acids.  They will express the 
proteins from these genes in order to determine the substrate specificity of each one.  They have 
also gathered over 450 TE sequences from the public genomics databases and have collected 
seeds of Cuphea species that are known to produce short chained fatty acids. 
 
Methylketone Synthase 1.  Methylketone Synthase 1 (MKS1) uses the 3-ketoacyl-ACP 
intermediate of the fatty acid synthase as a substrate.  It hydrolyzes the 3-keto fatty acid from the 
ACP with the concomitant release of the α-carboxyl group as CO2.  This results in the conversion 
of the standard even-numbered 3-keto intermediate into an odd-numbered methylketone.  MKS1 
is found in wild tomato and usually uses C12 to C16 intermediates as its substrate.  The purpose 
of this project is to increase the catalytic efficiency of the enzyme and to shift is substrate 
specificity from C12 – C16 to C6 – C8.  The Pichersky group and Noel group are collaborating 
on this project.  The Pichersky group is isolating variants of the biocatalyst from different wild 
varieties of tomato to check the natural diversity of substrate specificity.  They are also using site 
directed mutagenesis to begin constructing variants that will have the desired alterations in 
catalytic properties.  The Noel group has used x-ray crystallography to obtain the 3-D structure 
of the protein and are using combination of site-directed mutagenesis and high throughput in 
vitro biochemistry to identify the biocatalysts that have been altered to contain the desired 
properties.  MKS1 has been isolated form tomato and Arabidopsis and expressed in E. coli.  This 
clone has been transferred to Thrust 2 for optimized expression and to determine the products it 
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forms in bacteria.  They have also isolated a second orthologue, MKS2, from tomato and are 
determining the difference in substrate specificity of its product, MKS2, compared to MKS1. 
 
3-Ketoacyl Synthetase III.  The enzyme responsible for the initial condensation reaction 
beginning the synthesis of fatty acids is 3-ketoacyl synthase III (KAS III).  The Nikolau and 
Noel groups are working to identify naturally occurring and/or engineer modified KAS III 
enzymes that will use a range of different short chained fatty acids to prime fatty acid 
biosynthesis.  By incorporating these biocatalysts into E. coli and S. cerevisiae they will be able 
to create fatty acid products with alterations at their omega ends.  Initial targets will be KAS III 
enzymes that can use branched chain acyl-CoAs and propionyl-CoA.  The Nikolau group is 
searching for naturally occurring genes beginning with those from Bacillus subtilis that are 
known to initiate fatty acid formation with branched chain acyl-CoAs.  They have cloned KAS 
III from E. coli (fabH) as well as two KAS III orthologues from B. subtilis (yjaX and yhfB) into 
E. coli expression vectors for high level expression in that organism.  They have also searched 
sequence databases for other KAS III homologues.  The Noel group has used x-ray 
crystallography to understand the structure of KAS III.  They will work with the Nikolau group 
in modifying the structure of the protein to use a range of acyl-CoA molecules as primers. 
 
Developing a Coenzyme A-Based Catalytic System.  The fatty acid synthesis systems 
described all use ACP as a cofactor.  An alternative system exists in Clostridium that uses 
coenzyme A as the cofactor.  In the E. coli and yeast expression systems being designed, the 
original ACP system will need to be maintained for the survival of the organism.  In order to 
prevent the fatty acids synthesis system we are creating from interfering with the organism’s own 
fatty acid formation, the engineered system would ideally use the coenzyme A-based reactions.  
Toward this end, the Babik group is cloning the genes for the coenzyme A-based enzymes from 
Clostridium for expression in E. coli.  They have to date cloned acetoacetyl-CoA synthase and 
acetoacetyl-CoA reductase from Clostridium in E. coli expression vectors and have transformed 
them into E. coli.  They are working to optimize expression and to measure enzyme activities. 
 
Acyl-CoA Synthetase.  As noted above, one of the objectives of this Thrust is to increase the 
diversity of fatty acid intermediates that can be harvested from the fatty acid synthase system.  
One way of approaching this is to develop KAS III enzymes that will use odd-number and 
branched-chain acyl-CoAs as substrates.  The project undertaken by the Oliver group is to 
develop the acyl-CoA synthetases that are needed to produce these unusual acyl-CoA substrates 
for KAS III.  Their targets are to identify acyl-CoA synthetases that will use propionate and 
isobutyrate as substrates.  These will allow the production of odd-numbered and branched-chain 
fatty acids by KAS III.  This group has started with identification and characterization of acetyl-
CoA synthetase from Arabidopsis.  They have cloned the gene and modified it for expression in 
E. coli and S. cerevisiae.  They are now gathering B. subtilis and tomato sequences.  Both of 
these organisms have been shown to produce branched chain fatty acids and probably contain 
acyl-CoA synthetases that can use these branched short chain fatty acids as substrates.  The 
modified Arabidopsis clone will soon be transferred to Thrust II. 
 
Acyl-CoA Carboxylase.  Once odd-numbered and branched-chain acyl-CoAs are created they 
can either act as primer molecules where they will only affect the omega end of the fatty acid or 
as extender molecules where they will influence the structure of the rest of the modified fatty 
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acid.  In order for them to act as extender molecules they will need to be carboxylated.  This will 
require modified acetyl-CoA carboxylases that can accept these altered substrates.  Acyl-CoA 
carboxylases will be cloned from a range of bacterial sources.  In addition to studying the 
substrate specificity of the enzyme from plant and microbial sources, sequence and structural 
comparisons will be undertaken.  Initially we will look for enzymes that can carboxylate 
isobutyryl-CoA and propionyl-CoA as primary targets of the acyl-CoA synthetase project listed 
above.  Ultimately we plan to move the whole modified fatty acid synthase system to a CoASH 
cofactor (see below). 
 
Protein Sequence and Structure Databases.  Most of the projects described above are based 
on the identifying and analyzing natural variants of key enzymes or in creating modified 
biocatalysts using a combination of structural analyses and gene modification.  The Reilly group 
will construct and maintain a data base for eight of the enzyme groups that will be investigated 
and modified by the Thrust 1 researchers.  They have experience establishing such a database for 
carbohydrate-modifying enzymes (CAZy- Carbohydrate-Active Enzymes – www.cazy.org).  The 
ultimate goals are to automatically collect all sequences and structures published for the fatty 
acid synthesis enzymes the thrust is working with and then to make this organized collection 
available to the other researchers.  The Reilly group is initiating the database with the 
thioesterases and KAS III genes. 
 
Thrust 2 - Microbial Metabolic Engineering 
The focus of the microbial metabolic engineering thrust is thus to develop microbial 
platforms using a systems approach to produce small polyketide-based molecules by 
incorporating new synthesis pathways discovered from Thrust 1 at high yields, high rates, and 
high product titers. The goal of Thrust 2 is to develop microbial production platforms that will 
have the following properties: 
 Integration of new pathways into the production platforms 
 Efficient pathway design to allow proper balance between cell growth and 
product formation 
 Balanced carbon and cofactor flow 
 Maintenance of robust performance even at high product titers 
 Robust cell growth and minimal scale-up related issues with industrial input 
 
Role of Thrust 2 in CBiRC 
The initial test beds chosen are short to medium chain fatty acids and methylketones. These 
two test beds will provide opportunities to ultimately integrate all three research thrusts. The 
connectivity among projects and thrusts are depicted in the diagram below. Genes and pathways 
discovered and/or developed for fatty acid and methylketone synthesis by Thrust 1, the Pathway 
Discovery group, will be integrated into the production strains in Thrust 2. Similarly, the 
products from Thrust 2, fatty acid and methylketones, will serve as precursors for the synthesis 
of α-olefins and dienes by Thrust 3, the Chemical Catalysis group. 
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Long-term Goal 
The long-term goal is to develop efficient microbial systems to produce small polyketide-
based molecules by incorporating new synthesis pathways discovered from Thrust 1 at high 
yields, high rates and high product titers. Specifically, the project will employ Escherichia coli 
and Saccharomyces cerevisiae, two commonly used and better studied microbial systems, as the 
hosts. The initial targeted test beds are medium chain length fatty acids and methylketones. 
The strain development/optimization will be an iterative process where increasingly refined 
strains will be designed and constructed based on the knowledge derived from computational and 
modeling efforts in concert with metabolic evolution. The strains will then be subjected to a 
further round of characterization and metabolic evolution leading to yet another round of design 
and construction. 
The following projects are designed to provide an integrated approach for strain development 
with the final goal of achieving efficient microbial production systems. 
Projects Goal/Scope Investigators 
(E. coli) 
Investigators 
(S. cerevisiae)
Strain 
construction/ 
optimization 
Develop integrated techniques/tools to 
design and construct efficient microbial 
strains for high level production of fatty 
acid like molecules from glucose. 
San*; 
Gonzalez 
Da Silva*; 
Sandmeyer 
Strain 
characterization 
& optimization 
Characterize the production strains under 
various operating conditions. Perform 
metabolic evolution experiments.  
San*; 
Gonzalez; 
Jarboe 
Da Silva*; 
Sandmeyer 
Omics 
experiments 
Perform omics experiments (gene 
expression profiling first, followed by 
protein and metabolite) of the production 
strains. 
Gonzalez*; 
San; Jarboe 
Jarboe*; 
Sandmeyer; 
Da Silva 
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Flux Analysis Develop tools and models to perform 
metabolic flux analysis of the production 
strains.  
J. Shanks*; 
San; Gonzalez 
J. Shanks*; 
Jarboe 
Bioinformatics Develop tools and models to integrate in-
house omics data with existing data 
bases to provide a system wide view of 
the production strains.  Develop systems 
approach based tools and techniques to 
provide insights and/or suggestions for 
further strain improvement. 
Dickerson*; 
Wurtele; 
Gonzalez; 
San; Jarboe; 
J. Shanks 
Wurtele;* 
Dickerson; 
J. Shanks; 
Da Silva; 
Sandmeyer 
 
Summary of Research Accomplishments 
 
Thrust 2 has been very active in team building and collectively learning fundamental 
knowledge and tools necessary to all projects.  In monthly (and sometimes bimonthly) meetings, 
the project principal investigators and students have met virtually via Adobe Connect to facilitate 
this process. The first workshops covered fatty acid synthesis in E. coli and S. cerevisiae 
(1) network topology and the enzymes involved, (2) regulation of the pathways and (3) the best 
sources of electronic data available. A second set of workshops enlisted Dr. Ann Perera, 
Manager of the Metabolomics Facility at ISU, involving fatty acid analysis, from extraction to 
identification and quantification, using GC-MS and LC-MS. An experimental workshop at the 
facility for students and PI’s is being tied to the site visit in May. Finally, an electronic website 
for group communication and sharing of publications and resources was formed and actively 
used in the process. 
 
Microbial Strain Construction.  In the first year, we have begun to construct and characterize 
microbial strains to produce two test bed chemicals, fatty acids and methylketones. Three 
methylketone synthase genes from Thrust 1 have been cloned into E. coli and S. cerevisiae 
expression vectors. Several thioesterase genes (have specificity to C-12 to C-18) have been 
identified and are currently being synthesized. Several E. coli mutants, which were designed to 
divert more carbon flux to the desired product, have been constructed and confirmed using 
genomic PCR. A S. cerevisiae toolkit for strain construction, which was initially developed in 
the Sandmeyer and Da Silva labs, is being adapted for the expression of genes involved in the 
biosynthesis of fatty acid-like compounds. This collection of plasmids constitutes a system that 
can be used to express multiple metabolic genes simultaneously at different levels, as well as a 
method for relatively seamless introduction of cloned genes into the genome, coupled with the 
ability to recycle markers for additional manipulations. In addition, several strategies for the 
manipulation of fatty acid synthesis in yeast are being developed and examined.  
 
Strain Characterization.  We have confirmed the E. coli mutant strains developed in Project 
1A using genomic PCR. We have also begun to perform shake flask experiments with strains and 
plasmids constructed in Project 1A while working on developing standardized procedures to 
quantify fatty acid and methyl ketone production levels. Several high throughput experiments 
using a flow cytometer were performed. In addition, we are currently developing metabolic 
models to guide strain construction and characterization, and to optimize fatty acid synthesis in 
yeast. Fatty acid biosynthesis, along with relevant metabolic pathways, is being modeled using 
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kMech (kinetic Mechanisms), an enzyme mechanism language for the mathematical modeling of 
metabolic pathways, developed in the Hatfield Lab at UCI for amino acid biosynthetic pathways 
in E. coli and subsequently extended to pentose metabolism in S. cerevisiae. 
 
Omics Experiments.  In the first year of this project, students are being trained on the use of 
DNA microarrays for the global characterization of gene expression in E. coli. Initial training on 
the use of 2-D Fluorescence Difference Gel Electrophoresis (2-D DIGE) to characterize protein 
expression was also conducted. Furthermore, inhibitory study upon exposure to various 
concentrations of fatty acid and methylketone were performed to evaluate their toxicity effect on 
cell growth. These studies will form the basis to establish evolutionary strategies to obtain fatty 
acid and methylketone-tolerant strains and design experiments to evaluate the global response of 
the cells to fatty acid and methylketone. 
 
Flux Analysis.  In the first year, two new students are being trained in the techniques needed 
for conventional and 13C metabolic flux analysis (MFA) experiments. This training includes 
coursework in metabolic engineering, NMR spectroscopy, and metabolomics techniques. 
Refinement of the software programs NMR2FLUX for this project is also underway. Currently, 
the J. Shanks Lab has developed one of the three (Wichert, Stephanopoulos) software programs 
that are available for more rigorous flux analysis. 
 
Bioinformatics and Modeling.  The Dickerson Lab has developed methods for displaying all 
of the metabolic pathways in an organism in a hierarchical fashion using the software package, 
MetNetGE. The Wurtele Lab has established a direct pipeline to transcriptomics data for 
ArrayExpress. This will enable an evaluation of yeast data in the context of project data and 
metadata. In addition, it will be used to create models of polyketide metabolism and its 
regulation based on combined network and transcriptomics data. 
 
Response to Major Weaknesses from Pre-award Site Visit Report 
 
Comment:  A single person to focus on the yeast work does not appear to be sufficient. 
Response: 
We have recruited Professor Suzanne Sandmeyer, a yeast biologist in the Department of 
Biological Chemistry at University of California – Irvine (UCI), to join the metabolic 
engineering team. Sandmeyer’s expertise is with Saccharomyces cerevisiae, the yeast that will be 
used in the CBiRC research. She is also the Director of the UCI DNA and Protein MicroArray 
Facility and has interest and expertise in the 'omics area (primarily using microarrays but 
expanding into other areas). She is currently collaborating with Da Silva on metabolic pathway 
engineering of yeast for a biofuels research grant. They are working as a team on the 
optimization of the genes, strains, pathways, and yield for the biofuels research project. The 
addition of Sandmeyer will greatly strengthen the metabolic engineering team, especially on the 
yeast pathway engineering and experimental functional genomics aspects. J. Shanks also has 
considerable experience with the yeast system, and she will work with Da Silva and Sandmeyer 
to develop tools for metabolic flux analysis using C-13 labeling experiment and NMR 
measurements. 
In the first year, Dr. Sandmeyer and Dr. Da Silva have worked together on the yeast 
metabolic engineering projects. 
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Comment:  High levels of fatty acids may be toxic to the cells. 
Response: 
We have initiated cell growth studies upon exposure to various levels of fatty acid and 
methylketone. These studies will form the basis to establish evolutionary strategies to obtain 
fatty acid and methylketone-tolerant strains and design experiments to evaluate the global 
response of the cells to fatty acid and methylketone. 
 
Thrust 3 - Chemical Catalyst Design 
 
The seminal role of chemical catalysts in producing chemicals from petroleum-based 
feedstocks has created a large research infrastructure within the academic and commercial 
research community, which has produced the fundamental catalysis knowledge that underpins 
the highly efficient petrochemical industry.  For biobased products to be competitive with 
hydrocarbon-based products, comparable catalysis knowledge for efficiently converting 
biorenewables must be developed and applied.  While the current knowledge in catalysis is a 
valuable starting point, the exploitation of chemical catalysts for biorenewable conversions will 
require extending this knowledge base in new directions.  Despite the integral role of catalysis to 
biorenewables processing, the fact remains that fundamental information about chemical catalyst 
use for the conversion of biorenewable building blocks is limited. 
 
Role of Thrust 3 in CBiRC 
 
Research in Thrust 3 is aimed at the catalytic conversion of renewable molecules produced 
by the microbial systems studied in Thrust 2. Thrust 3 expects compounds produced via 
engineered yeast or E. coli as a feedstock to chemical catalytic conversion processes.  Since the 
production of dienes and α-olefins are the initial test beds, researchers in Thrust 3 will explore 
new catalysts to accomplish a variety of chemical reactions that selectively remove oxygen from 
the renewable feedstock.  In particular, highly-selective catalytic reactions such as 
hydrogenation, decarboxylation and dehydration are required to meet our test bed objectives.  
Moreover, potentially important reactions such as ring opening of furans, conjugation of 
polyenes, and C-C bond formation by condensation will also be studied over the next five years.  
Finally, new “tools” for the advancement of catalytic science and technology relevant to the 
conversion of biorenewable feedstocks will be pursued over the next several years.  The 
development of these tools includes engineering of hydrothermally-stable catalysts and catalyst 
supports, synthesis of coupled catalyst functionalities, and implementation of a high-throughput 
catalyst evolution methodology.  The following sections describe briefly the individual research 
projects in Thrust 3 that address the objectives summarized above and the associated projects 
that augment the work in the Center. 
 
Long-term Goal 
 
The goal of this thrust is to develop the chemical catalyst knowledge to selectively convert 
the highly functionalized molecules provided by biorenewable feedstocks to chemicals that can 
replace petrochemicals.  Ultimately this knowledge will provide the basis for converting the 
biorenewable molecules provided by Thrusts 1 and 2 to useful chemicals.  The initial research in 
the chemical catalyst design thrust will focus on developing a tool chest of reaction systems by 
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converting biorenewable feedstocks that are currently available, including carbohydrates and 
their derivatives and lipids.  This focus will lead to the development of the chemical catalyst 
technology and novel reaction system coupling approaches needed for efficient biorenewable 
conversions.  Also, the current availability of the feedstocks will provide the best opportunity 
during the initial five years of CBiRC for linking the foundational catalyst knowledge base 
through microreactor testing to engage our innovation partners in moving the technology out of 
CBiRC and towards commercialization.  As the biocatalyst thrust areas advance, new 
biorenewable-derived feedstocks will be made available that can be converted to useful 
chemicals through the reaction system tool chest developed with chemical catalysts. 
The following projects are designed to provide a research approach that examines chemical 
catalyst system development for important classes of reactions needed for the conversion of 
biorenewables feedstocks as well as the development of new catalytic materials for biorenewable 
conversions. 
 
 
Project Goal/Scope Investigators 
3-en-2-one 
selective 
hydrogenation 
Selective hydrogenation followed by 
selective dehydration to produce dienes. 
Davis*; 
B. Shanks; Datye;  
Larock; Neurock 
Decarboxylation 
of fatty acids 
Selective decarboxylation of fatty acids to 
produce α-olefins.  
Kraus*; Davis; 
Larock; Neurock; 
Woo  
Furan/pyran ring 
opening 
Selective ring opening of furan/pyran rings  Dumesic*; Datye; 
Neurock 
Selective 
dehydration 
Model compound selective dehydration for 
diene test bed and alcohols 
B. Shanks; 
Dumesic; Datye 
Polyene 
conjugation 
Converting double bonds to being 
conjugated. 
Larock*; Davis 
Stable catalysts 
and supports  
Synthesis of catalysts and catalyst supports 
with hydrothermal stability.  
Datye*; Dumesic; 
B. Shanks 
Acid/base 
catalysts 
Developing catalysts with coupled acid/base 
properties. 
B. Shanks*; 
Dumesic 
Catalyst evolution Design artificial hydrocarbon chain 
extension processes that parallel the 
biocatalysts in Thrust 1. 
Woo*; Thrust 1 
 
Summary of Research Accomplishments 
 
Selective Hydrogenation of 3-en-2-one Compounds.  The overall goal of this project is to 
understand the factors controlling the activity, selectivity, and stability of heterogeneous 
catalysts for the selective hydrogenation of 3-en-2-one compounds.  One of the integrative test 
beds in this Center involves the production of diene hydrocarbons from glucose.  The test bed 
includes the biological catalytic production of 3-en-2-one compounds in Thrusts 1 and 2 that will 
need to be subsequently converted to dienes over chemical catalysts developed in Thrust 3.  The 
first step in the conversion is envisioned to be a selective hydrogenation of the carbonyl group in 
3-en-2-one to form an alcohol without substantial hydrogenation of the C=C double bond.  The 
subsequent dehydration of the resulting alcohol will generate the desired diene. Preliminary 
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evidence in the literature suggests that supported gold catalysts exhibit some selectivity for the 
desired reaction, but the selectivity toward hydrogenating the carbonyl group depends strongly 
on the substituents around the C=C double bond.  We will first study experimentally and 
computationally the role of hydrocarbon chain length on the selective hydrogenation of 
3-en-2-one compounds. In addition, the influence of various promoters and alloys will be 
explored to enhance adsorption of the carbonyl end of the molecule onto the gold catalysts thus 
facilitating its hydrogenation. 
 
Decarboxylation of Fatty Acids.  Several companies have major units focusing on the 
production of olefins and polyolefins, including ethylene, alpha olefins, and aromatic 
compounds.  These alpha olefins are derived from petroleum feedstocks.  The market for alpha 
olefins is approximately 2.5 million tons per year.  They are used in detergents, surfactants and 
specialty chemicals.  Unfortunately, there are few biorenewable-based counterparts for alpha 
olefins, since terminal olefins are not common components in plants.  In contrast, fatty acids are 
major components of natural oils.  The Kraus group has recently begun to study the conversion 
of fatty acids, readily available from corn oil, palm oil, and soybean oil, into linear alpha-olefins 
using a little-studied catalytic organic reaction that converts carboxylic acids into alkenes and 
carbon dioxide.  They have begun to study the scope and limitations of this novel reaction.  This 
reaction can be mediated either by homogeneous palladium or by rhodium catalysts.  The key 
reaction parameters including catalyst type (homogeneous versus heterogeneous), temperature, 
solvent and additives (such as acetic anhydride) need to be thoroughly studied.  Their initial 
testbed will employ inexpensive saturated fatty acids such as palmitic acid and erucic acid.  
Palmitic acid, a sixteen-carbon acid, will be converted into the corresponding fifteen-carbon 
olefin.  Unsaturated acids such as oleic acid will also be evaluated.  Oleic acid will be converted 
into a diene.  Diacids are readily available and have the potential to generate α,γ-dienes.  These 
dienes will be useful in metathesis reactions for the synthesis of specialty chemicals.   Once the 
reaction with palmitic acid is successful on a laboratory scale, they will scale the reaction to 
prepare kilogram quantities with the assistance of colleagues in chemical engineering.   
 
Furan/Pyran Selective Ring Opening.  The overall goal of this work is to develop catalysts 
for the selective hydrogenolysis of heterocyclic compounds derived from biomass and to 
understand what controls the selectivity in these reactions.  For example, 1,6-hexanediol is a 
valuable intermediate chemical used for the production of polyurethane elastomers, coatings, 
adhesives and polymeric plasticizers.  Conversion of the terminal alcohol groups to carboxylic 
acids or amines would provide monomers in the production of nylon 6,6.  The production of 
1,6-hexanediol from biomass would therefore provide a renewable chemical that would be used 
by existing technologies. 1,6-Hexanediol can be produced from 5-(hydroxymethyl)furfural 
(HMF), a platform chemical made from biomass-derived sugars.  In previous work, Dumesic has 
shown that HMF can be hydrogenated at temperatures near 400 K to 
dihydroxymethyltetrahydrofuran (DHMTHF) over a Ru/C catalyst.  The present work focuses on 
the ring-opening of DHMTHF to 1,2,6-hexanetriol, the dehydration of 1,2,6-hexanetriol to 
2-(hydroxymethyl)tetrahydropyran (HMTHP), and the ring-opening of HMTHP to 
1,6-hexanediol.  It is anticipated that selective ring opening of these compounds can be achieved 
over bimetallic catalysts, consisting of a highly reducible metal component (e.g., Pt, Pd, Rh) for 
conducting hydrogenation processes, along with a more oxophilic metal component (e.g., Mo, 
W, Re, Fe) to facilitate C-O bond cleavage.  We suggest that the selectivity for ring opening can 
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be controlled by altering the nature of the interaction of the reactant with the active site, for 
example by changing the ratio of metal components and by changing the geometry and surface 
chemistry of the porous support in which the bimetallic particles are deposited. 
 
Selective Dehydration of Model Compounds.  Biorenewable feedstocks have excess oxygen 
relative to the amount typically present in industrial chemicals.  Dehydration is an important 
reaction for the removal of oxygen, but limited work has been performed on selective 
dehydration in the presence of additional functionality in the reactant. We propose to examine 
initially the dehydration of two molecules, 3-penten-2-ol and 1,2,6-hexanetriol.  As stated above, 
one integrated test bed across CBiRC is the production of dienes.  Moreover, a Thrust 3 project 
will study the selective hydrogenation of these compounds to 3-ene-2-ol species.  Therefore, the 
proposed selective dehydration of 3-penten-2-ol will be the demonstration of the final step in 
producing a diene in this integrated test bed.  Another project in Thrust 3 (described in the 
following paragraph) is the selective ring opening of furans, which will produce 
polyhydroxylated molecules.  A fundamental question is whether these polyhydroxylated 
molecules can be dehydrated without forming ring compounds.  1,2,6-hexanetriol will be used as 
the model compound for this selective dehydration work, as it is one of the possible 
polyhydroxylated molecules that could be produced from the ring opening of 
hydroxymethylfurfural. 
 
Conjugation of Polyenes.  The overall goal of this project is to develop methodology for 
isomerizing the isolated carbon-carbon double bonds of polyenes into conjugated polyenes, 
which should find wide use in the chemical industry, particularly the polymer industry.  As our 
initial test bed, we shall use as a model system the conjugation of methyl/ethyl linoleate, 
a 1,4-diene readily available from natural oils, such as soybean oil, and natural oils themselves, 
such as soybean and linseed oils.  Previous work in the Larock group has shown that rhodium 
can be used in catalytic amounts to effect this conversion in high yields, under very mild 
conditions, but rhodium is so expensive that the current process is impractical from an industrial 
and cost standpoint.  This project shall attempt to attach the rhodium and other transition metal 
catalysts to a polymer support useful for isomerization and subsequent ease of isolation.  
Heterogeneous metal oxide catalysts will also be examined as catalysts.  Simultaneously, 
biphasic transition metal catalysis will be examined using aqueous/oil solvent systems, because 
of the ease of separating water soluble catalyst systems from the conjugated polyene under such 
biphasic conditions.  A practical catalyst system will immediately afford conjugated natural oils 
that are exceedingly useful as drying oils in inks, paints, coatings and biopolymers, and longer 
term generalized methodology for the preparation of industrially useful conjugated polyenes 
from a range of biorenewable materials. 
 
Hydrothermally Stable Catalysts and Catalyst Supports.  A significant challenge in dealing 
with liquid phase reactions involving biorenewables is that the catalysts developed for gas phase 
reactions may not be optimal for these applications.  Specifically, loss of surface area, 
aggregation of the support and sintering or leaching of the metal phase could be significant 
issues.  Hence, part of the catalyst tool chest involves the development of hydrothermally stable 
catalyst supports and catalysts.  Our previous work shows that addition of small amounts (a few 
atom %) of a heteroatom significantly improves the hydrothermal stability of mesoporous silica.  
These previous tests were performed in 10% H2O in N2 and in boiling water.  We propose to 
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extend this work to include more realistic reaction environments.  A surprising observation in 
previous work was that the incorporation of the heteroatom in the silica walls was preferable to 
surface grafting.  In the proposed work, we will study how these concepts can be applied to the 
development of catalyst supports that are stable under aqueous phase reaction conditions.  We 
will also study the interaction of metal nanoparticles with these modified oxides to understand 
factors that improve the adhesion of the metal to the oxide and prevent leaching.  The initial 
work will be devoted to mixed oxide phases with Au as the metal phase.  The role of nucleation 
sites on the oxide, the nature of the metal support interaction and the mechanisms of catalyst 
sintering will be studied.  Advanced characterization techniques will be coupled with catalytic 
test reactions to develop novel catalysts that will be broadly applicable in many of the reactions 
being studied within CBiRC. 
 
Coupled Acid/Base Catalysis. Acid and base catalysis will both be important for the 
conversion of biorenewable feedstocks and it is quite common in enzymes that the active site 
will have an acid and base working in cooperation.  Therefore, part of developing a catalytic tool 
chest for biorenewables will involve examining the synthesis of catalytic materials that have 
coupled acid/base capabilities.  The Shanks group as well as others has demonstrated the 
application of coupled acid/base catalysts for improved activity in condensation reactions.  We 
propose to extend this work to synthesize catalytic materials with both acid and base 
functionality for use in the isomerization and dehydration of glucose to hydroxymethylfurfural 
(HMF).  In addition to being a potentially important reaction for producing biorenewable 
chemicals, this reaction was chosen as the probe reaction, since the Dumesic group has 
previously demonstrated improved HMF yields when a homogeneous acid was used in 
conjunction with alumina, which served as a weak base.  In the proposed work, we will 
synthesize catalytic materials having both strong acid groups and base sites (either alumina or 
tethered organic bases).  These catalysts will be tested in a biphasic reaction system for their 
efficacy in the conversion glucose to HMF. 
 
High-Throughput Catalyst Evolution.  The objective of this undertaking is to design artificial 
hydrocarbon chain extension processes that parallel the biocatalytic efforts of Thrust 1.  A key 
focus will be to develop systems that provide chemical insight for understanding catalyst activity 
and provide a molecular foundation for achieving chain length control in chemical catalysis.  
Recently, advances in combinatorial approaches illustrate new potential for rapidly producing 
catalyst innovations that complement traditional experimentation.  High throughput strategies 
based on evolutionary methods (SELEX) will be applied to catalytic steps related to fatty acid 
synthesis.  Recent work in the Woo group has demonstrated a 105-fold acceleration of a 
Pd/DNA-catalyzed coupling reaction.  Initial studies will involve the optimization of DNA-
transition metal catalysts for the Claisen reaction.  This reaction involves the coupling of two 
carbonyl compounds and can be viewed as an analog of the C-C bond forming step in fatty acid 
synthesis.  Structural information from these DNA-based catalysts will aid in the design of 
robust chemical catalysts and facilitate the development of a versatile chemical catalyst tool box. 
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Associated Projects in Thrust 3 
 
The associated projects for this reporting period are directed by a number of investigators.  
Thus, they will be discussed in groups by investigator rather than by topic. 
 
Associated projects in the laboratory of Abhaya Datye.  Datye is the lead investigator of an 
NSF PIRE grant that is related to the activities of this ERC.  In particular, Datye leads two 
associated projects funded by the PIRE award, entitled “Hydrothermal stability of supported Au 
catalysts” and “Nucleation and growth of metals on carbon supports” that directly impact the 
ERC.  Both PIRE projects study the stability of metal catalysts under various synthesis and 
processing conditions, which is a critical aspect of the development of new catalysts for the 
conversion of biorenewable molecules in Thrust 3.  Datye also directs a DOE-sponsored project 
entitled “Nanostructured catalysts for hydrogen generation” that involves the conversion of 
alcohols into hydrogen.  Although hydrogen production is not a focus of the ERC, conversion of 
alcoholic molecules is an area of investigation.  Catalytic chemistry involved in alcohol 
conversion is directly related to the conversion of other bio-derived oxygenated species 
examined in the ERC. 
 
Associated projects in the laboratory of Robert Davis.  Davis is also an investigator on the 
NSF PIRE grant lead by Datye.  As part of his activities in that work, Davis directs two projects 
entitled “Selective oxidation of hydroxymethylfurfural over supported Au catalysts” and 
“Selective hydrogenolysis of glycerol over bimetallic catalysts” that are directly related to the 
activities in the ERC.  The first project investigates the selective oxidation of sugar-derived HMF 
on supported Au catalysts, which are reportedly the same family of catalytic materials that can 
selectively hydrogenate the 3-en-2-one compounds of interest in Thrust 3.  The hydrogenolysis 
of glycerol over supported transition metals complements well the studies in the Dumesic group 
on the activity and selectivity of ring-opening reactions on transition metals.  In some cases, the 
same catalysts can be used to perform both reactions, so detailed characterization results from 
the associated project will be directly transferable to the ERC projects.  Davis also leads a DOE-
sponsored project on base catalysts for transesterification and eventually alcohol coupling.  The 
reactions in these studies supplement the work in Thrust 3 involving acid/base catalysis. 
 
Associated projects in the laboratory of Brent Shanks.  B. Shanks is a co-investigator on the 
Datye-led NSF PIRE grant.  His PIRE project, which is in conjunction with the Dumesic group, 
involves the hydrogenolysis of hydroxymethylfurfural to dimethylfuran.  The hydrogenolysis 
work is examining chemical coupling between surface metal sites and solution mediated 
reactions.  Understanding these effects are directly relevant to the types of condensed phase 
reactions that will be required to produce biorenewable chemicals.  B. Shanks also leads a 
ConocoPhillips-sponsored project that is examining C-C coupling in biomass-derived bio-oil.  
The C-C coupling results are relevant to the condensation reaction work being performed by 
Woo in the ERC. 
 
Associated project in the laboratory of Keith Woo.  Woo leads a DOE-sponsored project 
dealing with “Organometallic chemistry on Au surfaces”, which has direct relevance to the on-
going work in the Davis lab on the catalytic conversion of biorenewable molecules on supported 
Au catalysts. 
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Planned Activities with Foreign Partners 
 
Several students participating in the PIRE award who are associated with the ERC are 
planning to perform research in foreign institutions over the next reporting period.  For example, 
two students from Wisconsin are planning extended research visits to the laboratories of Haldor 
Topsøe in Denmark and the Fritz Haber Institute in Germany.  Moreover, students from many of 
the Thrust 3 research groups plan to attend a summer school at the Technical University of 
Denmark later this year.  A meeting of foreign collaborators and Thrust 3 participants is being 
planned for this summer in San Francisco immediately prior to the start of the North American 
Meeting of the Catalysis Society. 
 
Life Cycle Assessment of Biorenewable Chemicals (a Support Area) 
 
The research vision of CBiRC includes developing the tools needed to include environmental 
and economic factors in the design and development of new biorenewable chemicals and 
processes.  The CBiRC’s educational vision is to produce a new generation of engineers and 
scientists with education both in biorenewable chemical development and its interplay with the 
environment.  Life cycle analysis (LCA) is a tool that can be used to evaluate whether or not an 
existing or proposed chemical process is truly sustainable by assessing its broader impacts. As 
test beds emerge within CBiRC, a key question will be when the “hand off” from biocatalytic 
conversion to chemical catalytic conversion should occur. For example, given the nature and 
value of the intermediate molecules to be produced, one can work backward from conversion of 
final products through separation to determine how concentrated the molecules must be for the 
biocatalytic process to be feasible. LCA will be used to provide this type of information by 
evaluating possible alternative process options. This evaluation will not only provide a basis for 
comparing these options, but will also identify the key technological bottlenecks and their 
resulting leverage on the sustainability of the biorenewable chemical product.  Prof. Rob Anex 
has begun work on creating the LCA framework for CBiRC. 
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3. University and Pre-College Education Programs 
 
CBiRC believes that the characteristics desired of an innovative, adaptive, and creative 
engineer are as follows: 
 They will possess a deep understanding of fundamental principles honed by 
hands-on experiences in design courses, in the lab, and/or in industrial internship 
settings. These experiences and understanding of fundamental principles will 
make them willing and critical experimenters who are forever improving the 
systems on which they work. 
 They will have had a cross-disciplinary education that includes sufficient breadth 
that allows serious consideration of alternative solutions. In the context of CBiRC, 
this means that they will be able to see the wide-ranging potential for both 
chemical and biological catalysis for the production of biorenewable chemicals. 
 They will understand that economic and environmental constraints are absolutely 
central to the practice of engineering, and will be capable of evaluating their work 
on the basis of economic and environmental criteria. 
 They will have a sense of purpose – that the work at hand is important to 
humanity’s future. This will be engendered by exposure to broader issues of 
sustainability and global ethics. 
The following sections summarize the education that is meant to develop these desired 
characteristics.  Timelines/milestone charts for the pre-college and university education 
programs are provided in Tables 3.1 and 3.2. 
 
3.1. University Education Program 
 
The desired engineer characteristics presented above motivates both the REU and graduate 
minor programs with CBiRC.  The REU program focuses heavily on the first two qualities: The 
lab experiences will hone hands-on experiences, thereby making the students comfortable with 
performing experiments. The weekly CBiRC faculty lecture series will provide a venue for 
multiple PI’s from each thrust (minimum two per thrust, and including PI’s at partner institutions 
via videoconference presentations), to expose all REU students to the importance of 
interdisciplinary work in achieving CBiRC’s goals. Although the REU will focus on the first two 
qualities, it touches upon the last two qualities also: The life cycle analysis lecture will provide 
grounding in the importance of economic and environmental constraints, and lectures on 
fundamental challenges of biorenewables will consider broader issues of sustainability. 
The graduate minor program is motivated by all four of the qualities desired in innovative, 
adaptive, and creative engineers. Specifically, research labs and startup companies will provide 
hands-on experiences, thus making students comfortable with thinking critically and with 
developing experiments. The new graduate course in chemical and biological catalysis and 
requirement of taking additional coursework in two of the three thrust areas will expose all 
graduate minors to the importance of interdisciplinary work in achieving CBiRC’s goals. The 
new graduate course in the evolving chemical industry, along with the required course in 
fundamentals of biorenewable resources, will provide grounding in the importance of economic 
and environmental constraints in the development of biorenewable chemicals. Finally, seminars 
and the fundamentals of biorenewable resources will consider broader issues of sustainability. 
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Impact on the Curriculum 
CBiRC’s research is poised to affect the curriculum, as a proposal for a new 14-credit hour 
graduate minor in CBiRC moves forward. Although official program approval may take several 
more months, rapid progress has been made toward several parts of the graduate minor program: 
(1) at the time of this writing, it appears likely that we will have at least one graduate student 
placed in such an internship in the summer of 2009; (2) during the 2009-10 academic year, we 
expect to have the inaugural offering of our anchor course for this new minor, a 3-credit hour 
course entitled Biological and Chemical Catalysis, whose purpose is congruent with the overall 
goals of the center, namely to explore the parallels and synergisms of chemical and biological 
catalysis as means to produce biorenewable chemicals. A smaller (1-credit hour) but still 
important new course entitled The Evolving Chemical Industry should also be offered in this 
timeframe. 
 
Cross-University Impact and Agreements 
The primary vehicles for CBiRC’s cross-university curricular impact, per se, is the shared 
video lecture content generated for the graduate course in biological and chemical catalysis. We 
are using our Virtual Education Center (VEC) model to enable this sharing while minimizing the 
bureaucratic hurdles associated with cross-university efforts. 
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Fig. 3a.  Educational impact – comparison of the Center, ERC program overall, 
center class, and center sector. 
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Participation of Underrepresented Groups 
We have two unique approaches to engage underrepresented groups in the REU program. 
First, we plan inclusion of two transitioning freshmen students (students who have graduate high 
school and are starting as freshmen at the REU site school in the fall). These will likely come 
from underrepresented minority populations, and these students will arrive two weeks later than 
the other REU students because of typical high school year ending dates. We expect these 
relatively-younger REU students to fully participate in the daily work in their respective labs and 
to engage in some social events with the entire REU group. However, because several Iowa State 
University REU sites will be taking such transition students, there is a second community of 
students to help make the transition to campus life easier. Second, our REU will invite mentors 
of students from minority-serving institutions to spend a week at the REU site during the 
summer. During this time, those mentors will be able to visit with Center PI’s to build potential 
research partnerships, and to develop trust that this site is a nurturing place that they can 
encourage students to come to. 
Assessment will be use to test whether the educational programs provide opportunities for 
students to develop as creative, adaptive, and innovative engineers. Any engineering educator 
who has been through an ABET accreditation will be aware of the challenges of determining 
whether such qualities have been achieved, and these challenges are heightened by the 
intellectual diversity of students within CBiRC, some of whom frankly will not even be 
engineers. Further confounding the testing of this hypothesis is the selection of a “control” group 
against which to test. At the undergraduate level, will this group consist of CBiRC affiliated 
students who do not participate in the REU but work in the labs and are likely to attend some of 
the same seminars? What kind of biases would this approach entail? At the graduate level, would 
it be legitimate to use graduate students in CBiRC-affiliated labs as controls against those who 
are enrolled in the CBiRC graduate minor? For all these reasons, we have elected to use a series 
of competency-based evaluations to assess the effectiveness of the REU and graduate minor 
programs. 
We will assess the success of the REU program to meet these goals through pre- and post-
REU assessments of all students. These assessments will contain a combination of technical and 
attitudinal questions, so that both student learning and attitudes toward STEM topics can be 
determined. The direct REU student mentors in each lab, who are typically either graduate 
students, post-docs, or faculty members, will also be surveyed twice: once after the second week 
of the program and then again immediately after the program finale. This survey will serve two 
purposes: (1) to capture another dimension of changes in each REU student, as assessed by their 
mentor, and (2) to understand how the particulars of the CBiRC REU are, or aren’t, working. 
 
International Education Program 
The CBiRC international education program builds from a recently awarded NSF PIRE 
entitled “Conversion of Biomass and Renewable Feedstock into Energy, Chemicals and 
Materials,” which is led by Prof. Datye at the University of New Mexico.  Our current partners 
are the Fritz Haber Institute of the Max Planck Society in Berlin (Prof. Robert Schlögl, primary 
contact point) and the Technical University of Denmark (Prof. Ib Chorkendorff, new primary 
contact point, as Dr. Claus Christensen left DTU for a position with Haldor Topsøe).  Three 
graduate students, Andrew DeLaRiva (Datye group), Ryan West (Dumesic group), and Sarah 
Hruby (B. Shanks group), had extended research experiences at DTU the past year.  
Additionally, Zach Beversdorf, an undergraduate from ISU, participated as a REU student last 
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summer at DTU. For the summer of 2008, the PIRE teamed up with the Center for Advanced 
Materials Design to conduct a summer school.  The theme was Electronic Structure Theory and 
Materials Design, which was held August 18-29, 2008, on the campus of DTU. Prof. Thomas 
Bligaard and Prof. Jens Norskov at DTU were the primary organizers for this summer school.  A 
total of 11 U.S. students and one faculty member attended this school with funding from the 
PIRE program.  Seven of these students were from the groups of CBiRC-affiliated faculty and 
the remaining four were from Northwestern University, University of Cincinnati, University of 
Massachusetts at Amherst, and University of Illinois at Chicago, as we seek to have impact 
beyond CBiRC. 
 
Assessment Plan 
The assessment of the University Education Program will consist of six components.  First, 
graduate and undergraduate students with ties to CBiRC faculty, including the Student 
Leadership Council, will complete an annual survey regarding their research and internship 
experiences.  Second, participants in the REU programs will complete a pre- and post-survey to 
assess the progress they have made in both content and experience. The pre-survey will also 
include items measuring attitude about and interest in science and engineering.  They will also 
complete formal weekly journals to reflect on their knowledge and experience in science and 
technical content. Third, interviews will be conducted with the members of the committee 
developing the interdisciplinary minor.  Fourth, interviews will be conducted with mentors of 
student REUs from minority-serving institutions.  Fifth, CBiRC faculty will participate in a 
survey related to their activities and involvement in the center.  Sixth, data related to factors 
contributing to building and enhancing partnerships with other universities, including minority-
serving institutions, as well as demographics of students, will be examined.  Evaluation 
instruments are being prepared in collaboration with staff from ISU’s Research Institute for 
Studies in Education (RISE).  An evaluation framework and timeline is provided in Section 5.5, 
where the overall assessment plan for CBiRC is discussed. 
 
Response to Weaknesses from Strategic Plan Document 
 
Comment:  An REU experience for anyone of one week is not enough and for minority serving 
institutions where the preparation may not be the same as a large Ph.D. granting institution is 
surely not enough. 
Response: 
This is addressed in a footnote of the “Project Summaries” section of Volume II, which 
reads, “Note that one reviewer of the strategic plan seemed to think that we were suggesting that 
students from minority institutions would only do a one-week REU. This is not the case at all, 
these students will have a full REU but their faculty mentors will have the option to come to 
campus for a week to build potential research collaborations and to better understand the 
program.” 
 
Comment:  The measurable goals for undergraduate and graduate education should tied back 
more explicitly to the designed characteristics. 
Response: 
This, too, is addressed in Volume II, but we would like to confirm this with site visit team in 
May, 2009. 
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Comment:  Shouldn’t undergraduates have industrial experience and knowledge of the 
environmental/economic issues as the graduate students will have? 
Response: 
Industrial experience is important for both undergraduate and graduate students.  However, 
the infrastructure for undergraduate students to have industrial internships is much more 
extensive than it is for graduate students.  As an example, >80% of the engineering 
undergraduates at ISU have an internship experience prior to graduation.  The fraction of 
graduate students having internship experience is significantly lower, so we feel CBiRC can have 
a more significant impact for those students.  At this stage, we do not have an explicit tie into the 
internship programs at our partner institutions, but as our relationships with industry strengthen, 
it may be possible to develop a suite of CBiRC internship opportunities. Regarding the second 
point – knowledge of the environmental/economic issues – the detailed REU schedule described 
in Volume II allows for this, i.e., “life cycle analysis lecture will provide grounding in the 
importance of economic and environmental constraints, and lectures on fundamental challenges 
of biorenewables will consider broader issues of sustainability.” 
 
Undergraduate Program Summary 
 
Specific and Measurable Goals 
1. Create a new REU site for CBiRC-focused students and include in the REU a serious and 
sustained recruiting effort for underrepresented minorities by bringing faculty mentors of 
students from minority-serving institutions the CBiRC REU site for one week of the summer. 
Measurable goals for this task include: 
a. REU enrollment of 10 per year, including at least 4 academically outstanding minority 
students. 
b. Host at least two faculty members from minority serving institutions at the REU each 
year. 
c. Successfully recruiting at least 20% of female and underrepresented minority REU 
participants into CBiRC-related graduate programs at any of the partner institutions. 
2. Create a strong cadre of CBiRC undergraduate students. A measurable goal for this task is to 
have total undergraduate student participation in CBiRC annual center-wide meetings go 
from 8 in 2009 to 24 in 2014, with at least 33% making presentations at the meeting. 
3. Involve CBiRC undergraduate students with pre-college teaching. A measurable goal for this 
task is to have at least half of all CBiRC undergraduate students participating in pre-college 
outreach efforts; for example by partnering with a 6-12th grade teacher in the RET program, 
or by assisting CBiRC faculty and staff in the authoring, refinement and testing, or 
dissemination of 6-12th grade teaching modules. 
4. Increase the global experience of CBiRC undergraduates. A measurable goal for this task is 
to have two students per year participating in the international REU program (that is, doing 
CBiRC-related research in the EU). 
 
Progress on Goals 
1. New REU site for CBiRC-focused students in late planning stages. Applications under 
review at time of this writing. Expected enrollment of at least eight students in first year. 
Anticipate hosting at least one faculty member from a minority serving institutions in 2009. 
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2. Anticipated participation of eight total undergraduate students participating in CBiRC annual 
center-wide meeting. 
3. Anticipate this effort starting in the second year of the center. 
4. Expect two students participating in the international REU program in 2009.  
 
Graduate Program Summary 
 
Specific and Measurable Goals 
1. Create an interdepartmental graduate program in Biorenewable Chemicals. This program will 
be launched at ISU in coordination with all CBiRC partners, and will then be replicated at 
two or more CBiRC partner institutions. The program will include a significant 
entrepreneurial component and graduate coursework in a chemical/biochemical catalysis 
course taught by multiple CBiRC discipline-expert faculty members. Measurable goals for 
this task include: 
a. Student enrollment of 6 in 2009, increasing linearly to 14 in 2013. 
b. A minimum of 1 h of formal entrepreneurship course credit, plus a minimum two month 
internship in an entrepreneurial company for all students in the graduate program. 
c. A new cross-disciplinary 3-credit hour graduate course in Chemical and Biological 
Catalysis, with lecture content provided by at least four of the CBiRC partner institutions, 
generating 30 student credit hours during 2010, rising to 60 sch in 2013. 
2. Create a cadre of graduate students who clearly self-identify themselves with CBiRC. A 
measurable goal for this task is to have total graduate student participation in CBiRC annual 
center-wide meetings go from 10 in 2009 to 20 in 2014, with at least 67% making 
presentations at the meeting. 
3. Involve CBiRC graduate students with undergraduate and pre-college mentoring. A 
measurable goal for this task is to have at least 70% of all CBiRC graduate students (that is, 
students who are funded by CBiRC) participating in undergraduate or pre-college mentoring; 
for example, by formally mentoring an undergraduate student in the lab for a semester, by 
serving as mentor for a 6-12th grade teacher while they are on campus for the RET program, 
or by assisting CBiRC faculty and staff in the authoring of 6-12th grade teaching modules. 
4. Increase the global experience of CBiRC graduate students and the global impact of CBiRC 
labs.  Measurable goals for this task include having two graduate students per year 
participating in CBiRC-related research in the EU, and hosting an equal number of EU 
students in US CBiRC laboratories.  We plan to expand the CBiRC international program, 
which is based on our PIRE grant, to include biocatalysis students by 2012. 
 
Progress on Goals 
1. Program coordinating committee for interdepartmental graduate program in Biorenewable 
Chemicals formed, and proposal ratified by 3 of 4 members. Anticipate meeting student 
enrollment of six in 2009. One student expected to enroll in two month internship in an 
entrepreneurial company in summer 2009. 
2. We have recruited 15 new graduate students directly in to CBiRC-funded projects and are 
beginning to involved students from associated projects. 
3. The mentoring will be initiated this summer during the REU and RET programs. 
4. Expect two graduate students participating in CBiRC-related research in the EU in 2009.  
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3.2. Pre-College Education Program 
 
CBiRC’s pre-college education strategic plan is to form long-standing partnerships with 
central Iowa school districts and school districts located in relative proximity to CBiRC partner 
institutions.  The pre-college program will focus primarily on grades 6-12 with a mission to 
effectively impart in the next generation of students the relevance of the engineering profession; 
the skills required to succeed in this profession; and its value in our technological society. The 
technical content of the pre-college education program will include the broader biorenewables 
area including both chemicals and biofuels. 
CBiRC has established a strong partnership with the Des Moines Public Schools District 
(DSMPSD), the largest district within Iowa (30,000 students, 63 schools, 40% minority 
enrollment and over 50% students receiving free or reduced lunch). Ms. Crista Carlile, DSMPSD 
Science Curriculum Coordinator, is the administrative partner.  Two meetings have taken place 
between CBiRC Pre-College Education Director and Ms. Carlile, including numerous telephone 
and e-mail exchanges.  These interactions have centered on how CBiRC can best meet the 
content and pedagogy needs of the district’s science teachers through CBiRC summer 
professional development programs.  As a result of these meetings it was determined that the 
creation of a Professional Learning Community for the 6th-12th grade science teachers, 
spearheaded by CBiRC leadership, faculty and staff, would be a tremendous asset to the district. 
In August 2008 CBiRC Pre-College Education Director attended the DSMPSD science 
teacher annual meeting to present details about the CBiRC summer professional development 
programs and encourage recruitment.  Seven DSMPSD high school teachers are signed up to 
participate in the CBiRC 2009 RET and four DSMPSD middle school teachers are signed up to 
participate in the 4-week CBiRC 2009 Summer Academy.  In addition, Heartland AEA (Iowa 
Area Education Agency 11, also a CBiRC partner) science consultant, Robert Kleinow, a former 
middle school science teacher, will participate in the CBiRC 2009 Summer Academy and will 
serve as a recruiting ambassador across central Iowa school districts for future CBiRC 
professional development programs. 
Two master teachers have been hired to provide content development in the Middle School 
Summer Academy and professional staff have been hired to conduct a training workshop at the 
beginning of the RET program.  
Funds ($8,200) have been awarded from the Iowa Board of Regents to conduct preparatory 
meetings with the teachers who will be participating in the CBiRC summer professional 
development programs.  The meetings took place March 24 and 25, 2009.  Ms. Carlile, the 
master teachers and professional staff, together with CBiRC’s Pre-College Program Director, 
will be in attendance.  Teachers will be given a pre-survey to assess the STEM content 
background areas they need strengthening.  In addition, discussion will focus on planning and 
developing classroom modules, guided by teacher input, that will address science and 
engineering concepts associated with biorenewable fuels and chemicals.  Additional funds 
($7,800) have been awarded by the Iowa Energy Center to support an RET participant. 
 
Research Experiences for High School Teachers 
This seven-week program will begin on June, 8 2009. Participating high school science 
teachers will conduct a small independent research project under the mentorship of a CBiRC 
faculty.  Prior to work in the research lab teachers will attend a five-day training workshop 
including background content in molecular biology, chemistry and chemical engineering, 
laboratory safety procedures, the scientific method, use of basic laboratory equipment, and data 
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collection.  Teachers will be expected to attend lab meetings with their faculty mentor and lab 
staff. 
 
Middle School Science Teacher Summer Academy 
This four-week program will begin on June 29, 2009. The program will be content-based 
focusing on a curriculum that incorporates STEM fields; problem solving skills; inquiry-based 
learning and research. Teachers will receive training on FOSS (Full Options Science Systems) 
kit “Chemical Interactions” as a supplement to the content they will be receiving.  Towards the 
end of the program teachers will rotate through CBiRC research labs, shadowing the high school 
teacher in those labs.  During these rotations teachers will meet with CBiRC faculty and students. 
 
Joint Activities for Middle and High School Participating Teachers 
A number of seminars, modules and workshops will be scheduled to include participants of 
both the high school and middle school summer programs together with the DSMPSD science 
curriculum coordinator:  
 Half-day workshop on restructuring classroom science activities with the goal to develop 
inquiry based modules that are inquiry based. The workshop will be delivered by Dr. Mike 
Clough, Dept. Curriculum and Instruction at Iowa State University.  Teachers will be asked 
to bring one lesson plan to the workshop.  Following the workshop they will expected to 
revise the lesson plan and submit Dr. Clough for review;   
 Weekly pedagogy seminars focusing on the development and implementation of engineering 
concepts and inquiry based learning into the classroom curriculum as well as problem 
solving training sessions with the intent that these skills be applied across the STEM subjects 
and grade levels to specifically introduce creative thinking and integration of STEM fields 
across the curriculum; 
 Weekly CBiRC seminar given by CBiRC faculty to provide an overview of CBiRC research; 
 Weekly colloquia series “Frontiers in Science” presented by invited Iowa State University 
faculty;  
 Presentations about engineering opportunities and professions including field trips to CBiRC 
industry partners;  
 Workshops on teaching science ethics in the classroom, how to initiate and promote Science 
Fair projects and restructuring classroom activities;  
 Evaluation of web-based resources applicable to the biorenewables area to support the 
teachers’ advancement and effectiveness in the classroom.   
 Weekly lunch meeting with Pre-College Education director; 
 
At the end of the summer, all participating teachers will give a short oral presentation and 
prepare a poster both documenting their experience at the end of each summer program. 
Teachers will commit to participate in the summer teacher academy for two consecutive years 
and will remain in communication with the CBiRC pre-college education program staff 
throughout the academic year and after they graduate. At the end of the second summer, teachers 
will be required to submit a paper for submission to an education journal reflecting some 
component of their CBiRC-related professional development. They will serve as leaders in their 
school and district through the newly formed DSMPSD STEM Professional Learning 
Community and offer workshops for teachers in appropriate grade levels. Teachers who 
successfully complete the program will be offered two credit hours of continuing education for 
CBiRC First Annual Report
Volume I 54
  
each summer of participation.  Teachers will be encouraged to apply for mini-grants for 
equipment, resource kits and supplies/materials to help them either develop better-equipped 
classrooms or provide for project development in their classrooms.  Teachers will be encouraged 
to apply for mini-grants to attend professional meetings such as regional National Science 
Teacher Association (NSTA) meetings, state science teacher association conventions and 
National Energy Conferences for Educators.  They will be encouraged to make presentations at 
these meetings and will receive professional support from CBiRC. 
 
Young Engineers Program (to be initiated in PY 2) 
The CBiRC pre-college education program will sponsor and support a Young Engineers 
Program for 6th – 12th grade students.  Students will be selected on the basis of standardized test 
scores and/or teacher recommendations indicating ability to achieve in math and science, even if 
grades do not reflect this ability.  Students will be eligible for this program through 12th grade.  
The emphasis of the program will be to develop engineering (research) projects for submission to 
the State Science and Technology Fair of Iowa (affiliated with Intel International Science and 
Engineering Fair).  Students will be paired with CBiRC faculty and/or graduate student mentors 
who will assist in the development of the projects.  Once a semester participating students will 
attend a day-long workshop at the partnering institution where they will partake in hands-on 
activities, observe laboratory demonstrations and receive training on how to prepare a research 
project.  High school juniors and seniors will be invited to apply for summer internships to work 
on a small engineering-related research project under the mentorship of a CBiRC faculty member 
and possibly in partnership with their science teacher enrolled in the RET program 
 
Evaluation and Assessment 
All participating teachers will complete a pre- and post-program survey to assess the progress 
they have made in both content and experience.  The pre-survey will also include items 
measuring level of preparation and interest in science and engineering subjects.  They will 
complete formal weekly journals to reflect their progress.  Evaluation instruments are in 
preparation in collaboration with staff from ISU’s Research Institute for Studies in Education 
(RISE).  In addition to testing the impact the professional development programs have on 
participants’ professional growth, evaluation will also focus on how the summer experiences are 
transferred to the classroom and ultimately affect student learning.  An evaluation framework 
and timeline is provided in Section 5.5, where the overall assessment plan for CBiRC is 
discussed. 
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4. Industrial/Practitioner Collaboration, Technology Transfer and Innovation 
 
Discussed below will be progress on our four goal areas for this area.  We have made 
important modifications to our strategic approach in the target membership companies and the 
technology transfer and innovation efforts.  These modifications will be highlighted first.  
Originally CBiRC targeted five technology sectors as potential membership companies.  All 
of these sectors are involved in the production of industrial chemicals.  Upon further discussion 
with member firms we have decided that it is also important to target companies that are the 
direct users of these industrial chemicals.  This modification is important because getting the 
chemical users engaged will provide additional input into evaluating target chemicals.  
Additionally, having chemical users as membership companies will enhance the attractiveness of 
CBiRC membership for the industrial chemical producers.  Therefore, we will now be targeting 
six industrial sectors: 
 
 
 
 
 
 
 
 
 
 
 
 
The second change in strategic approach relates to technology transfer and innovation.  We 
have decided to introduce a third membership option for start-up companies.  Details of the 
membership options are given under Goal 1 below with the key features of the start-up company 
membership being a low annual rate ($5000/yr) with reduced IP rights relative to the large and 
small company memberships.  In our original strategy, we would connect with start-up 
companies to provide internships for CBiRC graduate students.  Not only would the graduate 
students benefit from exposure to the entrepreneurial culture, but they would also create personal 
bridges between the start-up companies and CBiRC that will ultimately facilitate technology 
transfer to them.  Creating the bridges between start-up companies and CBiRC will be further 
enhanced by creating the start-up company membership program.  This membership will allow 
the start-up companies to interact with CBiRC and the other member companies.  The connection 
between the start-up companies and the member companies will be an important component in 
technology transfer, as large companies are increasingly turning to start-up companies for initial 
technology development.  More detailed discussion of the technology transfer strategy for 
CBiRC can be found below in the translation of research to practice sections. 
 
GOAL 1:  Increase number of CBiRC industrial collaborators to 20 members/partners by 
2012. 
 
Strategies 
 Develop membership and confidentiality agreements in cooperation with potential members. 
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 Develop a special category of membership  (and separate membership agreement) for start-
up companies. 
 Follow up with interested companies. 
 Expand potential members to include those companies that purchase industrial chemicals, 
e.g., companies making consumer products from industrial chemicals. 
 Explore new membership funding strategies for companies, such as membership funds from 
philanthropic and/or human resource units of companies, by emphasizing CBiRC education 
and diversity programs. 
 Create CBiRC display and handout materials; inform/recruit new members at professional 
conferences and workshops which have large participation by chemical producers. 
 Host visits at CBiRC institutions for potential industrial partners. 
 
Milestones 
 Finalized membership agreement and start-up membership agreement. 
 Finalized confidentiality agreement. 
 Increase number of CBiRC members/partners to 12 by Oct. 2009. 
 Increase number of CBiRC members/partners to 16 by Oct. 2010. 
 Increase number of CBiRC members/partners to 20 by 2011. 
 
Metrics 
 Number of industrial members and innovation partners. 
 
Progress on Goal 1 
 
CBiRC presently offers three membership options: 
 Full membership, large company (more than 500 employees): 
o Membership fee is $50K 
o Provide input on research directions and initiatives 
o Interact with CBiRC faculty and graduate students 
o Participate in scientific exchanges 
o Preferred access intellectual property generated by CBiRC 
 Full membership, small company (less than 500 employees): 
o Membership fee is $25K 
o Provide input on research directions and initiatives 
o Interact with CBiRC faculty and graduate students 
o Participate in scientific exchanges 
o Preferred access intellectual property generated by CBiRC 
 Start-up membership (company that has been a legal entity for less than 7 years and has not 
completed an IPO): 
o Membership fee is $5K 
o First access to student interns 
o Interact with CBiRC faculty and graduate students 
o Provide input on research directions and initiatives 
o Participate in scientific exchanges 
o Access to intellectual property 
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Terms of the Membership and Confidentiality Agreements 
 
Full membership.  Subject to the terms and conditions of the Membership Agreement (see 
Appendix II), Members have a non-exclusive, non-commercial, royalty-free license under ISU 
and/or Cooperator(s) Inventions or joint Inventions created during the time that Member is in 
paid-up status under the Membership Agreement to use such Inventions for internal research and 
non-commercial use.  Such license does not include the right to make, use, or sell products or 
processes for commercial purposes or to sublicense.  Subject to the terms and conditions of the 
Membership Agreement, Members also have the right to negotiate a commercial, royalty-bearing 
license to make, use, and sell products and processes under such Inventions.  This first right to 
negotiate extends for one hundred twenty (120) days after disclosure of the Inventions to 
Member by ISU and/or Cooperator(s).  If more than one member of CBiRC requests a license 
within the same field of use, only a fee and/or royalty bearing, non-exclusive license is available 
for that field.  If only one Member desires a license in a field of use, such Member has the right 
to negotiate for a fee and/or royalty bearing exclusive license in such field of use.  Such licenses 
must be consistent with industry standards and the objectives and mission of CBiRC.  
Technologies are not licensed outside of the Members for a period of one hundred eighty (180) 
days after disclosure of the Invention to Member by ISU and/or Cooperator(s). 
At the end of such period of one hundred eighty (180) days, ISU and/or Cooperators have the 
right to grant licenses to non-Member third parties.  For any licenses granted to non-Member 
third parties, ISU and/or Cooperators make reasonable efforts in good faith to ensure that the 
terms and conditions of such licenses are on terms no more favorable than terms and conditions 
offered to Members for similar licenses. 
The granting of fee and/or royalty bearing licenses to Member is subject to any third party 
rights or restrictions and to the payment of patent costs by Member.  Member pays to the 
institution prosecuting the relevant Invention(s) its proportional share, divided equitably among 
licensees, of patent costs of the Invention(s) for which Member has elected to take a license. 
Except as otherwise expressly set forth in the Membership Agreement, inventions are 
licensed “as is” without any expressed or implied warranties whatsoever.  ISU and Cooperators 
make no representation, nor extend any warranties of any kind, either expressed or implied, and 
assume no responsibility whatsoever with respect to use, sale, or other disposition by member or 
its vendees or other transferees of products incorporating or made by use of inventions licensed 
under the Membership Agreement. 
 
Basic terms for start-up membership.  Terms for start-up members are equivalent to the 
above except start-up companies do not get fully paid-up research license or preferential access 
to intellectual property (see Appendix II). 
 
Confidentiality Agreement.  We are currently negotiating a confidentiality agreement among 
members, cooperators and affiliates to maintain the ability to protect intellectual property.  
Anticipated completion is March, 2009.  The most recent draft is provided in Appendix II. 
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During the pre-application and application phase of CBiRC, nine companies provided letters of 
support: 
 
 ADM 
 BASF 
 Cargill 
 Chevron Phillips Chemical Company 
 DuPont 
 Grain Processing Corporation 
 LyondellBasell 
 Novozymes 
 POET 
 
Unfortunately, due to declining economic conditions during the first six months of CBiRC 
operations, only four companies have signed the membership agreement and paid their 2009 
membership fees, as shown in Table 4: 
 
 Chevron Phillips Chemical Company 
 Grain Processing Corporation 
 Novozymes 
 POET 
 
ADM, BASF, Cargill, and DuPont all reported that their R&D budgets have been downsized 
to “strengthen the cash positions of their companies” and/or “due to current economic 
conditions.”  All have expressed continued interest in CBiRC membership, they hope that the 
business climate improves, and they plan to reconsider joining in 2010.  LyondellBasell has 
declared bankruptcy; their future is uncertain. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Case Study 
BASF was an early engager in CBiRC. The company was fully supportive of the pre-
application, proposal and engaged in all of the pre-meetings, as well as the kick-off meeting.  
They were involved in the membership agreement negotiations and had approval of the 
membership agreement language from their legal department.  Unfortunately, they were not able 
to commit to membership this year, citing economic reasons (see below). 
 
From: Saeed Alerasool [mailto:saeed.alerasool@basf.com]  
Sent: Monday, February 02, 2009 4:59 PM 
To: Euken, Jill E [BEI]; Shanks, Brent H [C B E] 
Cc: ahmad.moini@basf.com; Lorenzen, Lisa L [VPRED] 
Subject: Re: checking in re: CBiRC 
Jill and Brent,  
As a matter of fact, BASF's decision was just finalized and I am afraid the outcome is not what I had 
hoped for.  Due to the current economic conditions, BASF has decided no to become a CBiRC 
industrial member at this time.  We continue to have a strong interest in CBiRC and hope to be able to 
join when the financial environment is more favorable.  Meanwhile, we would like to stay in close contact 
with CBiRC and participate in its activities, to the extent possible, without being a member.  
Best regards,  
 
-- Saeed 
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CBiRC has initiated discussions with additional companies.  A number of the companies 
have expressed interest in CBiRC membership and are having internal discussions about 
membership: 
 
 3M 
 BP 
 Shell 
 Albemarle 
 Clorox 
 Martek 
 
In addition, the special category of “start-up company” membership has been established 
and is being discussed with several companies: 
 
 Elevance 
 LS9 
 Virent 
 
CBiRC also has four Innovation Partners: 
 
 Pappajohn Center for 
Entrepreneurship, Iowa State 
University 
 
 
 Kleiner, Perkins, Caufield, Byers 
 Khosla Ventures, LLC 
 IllinoisVentures, LLC
Other Efforts 
 
We are developing a quarterly newsletter to send to members to keep them informed on 
Center activities.  We are developing a slightly different newsletter to send to potential members 
as a recruiting tool and as a way to keep engaged the companies that were interested in joining 
but could not due to economic considerations. 
We are also tracking the engagement of our member companies in university activities 
outside of CBiRC, to measure the broader impact of engaging the companies in the Center.  We 
are also evaluating companies that have engagement across campus as potential CBiRC 
members. 
Finally, we are documenting operating procedures for processes that intersect with our 
Members and Innovation partners, such as distribution of proposed publications, managing 
intellectual property disclosures and notifications across several universities, and tracking and 
managing company recruitment. 
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GOAL 2:  Industrial collaborators will annually identify research priorities for CBiRC 
research thrusts. 
 
Strategies 
 Host meetings for CBiRC industrial collaborators and CBiRC faculty bi-annually to gather 
input on research priorities and industry needs. 
 Complete the annual industrial collaborator SWOT analysis. 
 
Milestone 
 Annual SWOT analysis and research prioritization completed by members and partners 
 
Metrics 
 Number of members/partners participating in CBiRC bi-annual meetings. 
 List of industry prioritized research areas. 
 Annual industrial SWOT report. 
 
Progress on Goal 2:  First Year CBiRC Industrial SWOT Analysis 
 
Industrial members completed a SWOT analysis in February, 2009.  Provided below is a 
summary of their comments.  The CBiRC leadership team will be meeting in April to review the 
SWOT analysis and develop a plan to capitalize on the strengths and opportunities and address 
the weaknesses and threats identified by the membership. 
 
CBiRC Strengths 
 Unique scope 
 Strong group of companies 
 Collaboration by all technologies in the supply chain (engineering, bioengineering, 
chemistry) 
 Political drive to sustainable fuels and chemicals 
 Industrial collaboration and input 
 Strong academic research and network 
 Pilot scale experience in technology development 
 Industrial experience in key leadership role 
 Platform approach 
 Significant past development in biorenewables team 
 Good background, competency, diversity as assembled and is required for this task 
 Very strong technical organization 
 Thrust group approach seems like a well organized approach 
 Relevant program in today’s world 
 Great educational rollout with development of future scientists and engineers 
 Program plan is thorough and comprehensive 
 Developed plan for technology transfer 
 
CBiRC Weaknesses 
 Attraction and retention of small to mid-size companies 
 May be difficult to deliver on technology platforms 
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 New program 
 Ability of capital resources 
 Industrial pullback from partnerships 
 Economic challenges vs. petroleum 
 Communication amongst researchers and between researchers and CBiRC leadership may 
be a problem (communication is key to successful organization) 
 Large organization can get cumbersome 
 One technical approach to tapping into the carbon (pathway engineering) is a bit risky 
 Don’t ignore downstream processing; it could kill a project 
 New CBiRC leadership team needs to set the stage for research team goals 
 Potential for scientific collaborators to be working on parallel path projects 
 Technology transfer to integrators or developers; can it happen fast enough? 
 
CBiRC Opportunities 
 Potential for breakthrough technology to be developed 
 Political drive to sustainable energy and chemicals 
 Localized feedstock supply 
 Multiple market drivers 
 Industrial involvement ($$$ and guidance to relevant targets) 
 National and international sponsorship ($$) 
 Training students/shaping the future of this industry 
 Economic stimulus efforts 
 Part of “green” movement 
 Potential to create jobs 
 
Threats to CBiRC 
 Poor economic conditions 
 Inadequate resources 
 Competitive Centers 
 Program relies on technical resolution of issue surround plant production of lower 
molecular weight carboxylates (this is a critical path item) 
 Long term, stable political interest in objectives 
 Low price of petroleum derived chemicals and market volatility 
 IAB members to support the center in current business climate 
 Conflicting LCA models 
 Wasteful time spent on irrelevant targets; listen carefully to the industry and markets; try 
to occasionally back up and re-analyze the big picture 
 
GOAL 3:   Industrial collaborators will further develop CBiRC know-how and discoveries 
 
Strategies 
 Discuss CBiRC research priorities and share know-how and discoveries at bi-annual 
meetings for CBiRC faculty, industrial members, and partners. 
 Develop, produce, and distribute an electronic newsletter series to inform industry 
collaborators about new developments by CBiRC faculty. 
 Exchange engineers and scientists between university and industry collaborators. 
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Milestones 
 CBIRC has one industry-sponsored project (in addition to membership dues) by Oct. 2010. 
 CBiRC has three industry-sponsored projects by Oct. 2011. 
 First SBIR application submitted by Oct. 2012. 
 
Metrics 
 Number of publications. 
 Number of industry-university personnel exchanges. 
 Number of industry-sponsored projects. 
 Number of SBIR/STTR applications. 
 Number of patent applications. 
 Number of license agreements. 
 
Progress on Goal 3 
 
We are planning the CBiRC annual meeting to include networking and brainstorming 
sessions that will allow industry participants to interact with CBiRC researchers and students to 
generate new ideas, come up with potential solutions to research hurdles and identify 
opportunities to collaboratively engage industry in the discovery process. 
 
GOAL 4:  Innovation partners will hire interns and industrial collaborators will hire 
graduates from the CBiRC program. 
 
Strategies 
 Work with appropriate persons at Kleiner Perkins Caufield & Byers, Illionois Ventures and 
Khosla Ventures to assist with placement of interns. 
 Establish innovation partner list for those interested in providing internships for CBiRC 
graduate students. 
 Develop student profiles and provide them to industrial partners to facilitate placement of 
students internships. 
 Match student interests and skills to industry needs and interests for internships. 
 
Milestones 
 Place first CBiRC intern with CBiRC industrial partner by summer of 2010. 
 Place three CBiRC interns with CBiRC industrial partners by summer of 2011. 
 Place first graduate engineer/scientist (industry employee) with an industrial partner by 2012. 
 
Metrics 
 Number of internships. 
 Number of CBiRC graduates hired by biorenewable chemical companies. 
 
Progress on Goal 4 
 
We have developed a plan to engage our innovation partners at the annual fall meeting.  This 
plan includes events that facilitate interaction among innovation partners, students, faculty, and 
CBiRC First Annual Report
Volume I 70
  
members.  These events will be structured to encourage sharing of technical information that will 
provide the linkage of students to internships in companies included in the portfolios of the 
venture capital firms, as well as generate ideas for new start-up companies.  Additional venture 
capital firms will also be invited to these events to further broaden the reach of our innovation 
program.   
At the time of writing this annual report, we are negotiating the possible placement of the 
first CBiRC intern (to be placed for summer of 2009) with start-up company Elevance.  Our goal 
is to orchestrate this first placement one year ahead of schedule as a test bed for how to design 
the student experiences with start-up companies. 
 
Strategy for Launching New Firms/Work with Existing Firms to Translate Research into Practice 
 
Our strategy for translating research into practice has the following components: 
 Our company membership agreement creates first right of access to CBiRC IP to the member 
companies and as such they are in position to first evaluate the appropriateness of integrating 
this IP into their company.  We are developing procedures to ensure the timely notification of 
research results and invention disclosures to our Member companies, as a delay in 
information exchange can cause a significant delay in translating research into practice.  We 
have plans to develop a network of technology transfer specialists at all of the universities to 
optimize the process of managing intellectual property developed at multiple institutions. 
 If our membership companies choose not to license the CBiRC IP.  We will discuss 
translating the research to one of our start-up company members. 
 If the company and start-up company members do not find the IP to be a good fit with their 
technology goals, we will look to work with our start-up company innovation partners, e.g., 
those who have worked with us to create internship opportunities. 
 If the IP is not a good fit with an established member company or start-up company partner, 
we have excellent innovation partners that will be invaluable aids for our students or faculty 
to initiate a start-up company.  The Pappajohn Center at Iowa State University has 
experience with mentoring the establishment of these start-up companies.  Additionally, our 
Venture Capital Innovation Partners have agreed to serve as a resource for CBiRC-initiated 
start-up companies. As research progresses and invention disclosures are made, we will be 
working closely with our Innovation Partners to identify technologies that are appropriate for 
start-up companies.  As mentioned above, we are planning networking events for the 
Innovation Partners so that they can interact directly with students, faculty and member 
companies. 
 
Status of Translating Research Results 
 
A technology transfer chart for the Center is provided as Figure 4.1.  CBiRC has no 
technology transfer examples, ERC start-up firms, or ERC patents and licenses to report at this 
time, as the Center is only in its first six months of operation.  Therefore, Tables 4.1, 4.2, and 4.3 
from the reporting guidelines are not included here.  These tables will be provided in future 
annual reports, when there will be activity in these areas. 
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Technology Outcomes: 
T1 – Integrated biocatalytic and chemical catalytic platform for the production of dienes; this platform 
will integrate highly novel technologies that will be developed from project in Thrust 1, 2 and 3.  
T2 – Integrated biocatalytic and chemical catalytic platform for α-olefins; this platform will integrate 
highly novel technologies that will be developed from project in Thrust 1, 2, and 3. 
T3 – Bioinformatics and computational modeling methods that integrate gene expression profiling 
datasets at multiple levels of expression (transcriptome, proteome, metabolome and flux analysis) for the 
systems level deciphering of metabolic outcomes of genetic manipulations. 
T4 – Novel biocatalysts for prematurely terminating fatty acid/polyketide synthase reaction scheme using 
the thioesterase enzymes as the paradigm. 
T5 – Novel biocatalysts for prematurely terminating fatty acid/polyketide synthase reaction scheme using 
the methylketone synthase enzymes as the paradigm. 
T6 – Comprehensive database of diverse biocatalysts that can be used to modify and diversity fatty 
acid/polyketide synthase reaction pathway. 
T7 – Novel acid/base chemical catalyst systems that convert glucose to HMF. 
T8 – Chemical catalysts for conjugating polyenes. 
T9 – Hydrothermally stable catalyst supports. 
 
 
Fig. 4.1.  CBiRC technology transfer chart. 
 
Breakthrough 
Technology 
Technology 
Impact 
Incremental 
Impact 
Technology 
Transferred to 
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5. Infrastructure 
 
5.1. Configuration and Leadership Effort 
 
The vision of CBiRC – to create a generalized framework for biorenewable chemicals that 
integrates biocatalysis and chemical catalysis – was the guide for selection of faculty as members 
of CBiRC.  The faculty were specifically selected for their complementary expertise needed to 
realize the Center’s vision.  The technical role of each researcher is therefore established, and the 
institutional configuration is predetermined, based upon the technology that needs to be 
developed. 
 
Institutional Configuration 
 
Table 6 shows the institutional configuration of CBiRC, and Figures 6a through 6c depict the 
location of domestic and foreign partner institutions and country of citizenship of foreign 
personnel.  Iowa State University, the lead institution and administrative home for the Center, 
was selected as such, in large part, because of its history of institutional support for 
biorenewables-related research and development.  In 2002, ISU launched interdisciplinary 
research programs in biorenewables through its Bioeconomy Initiative.  The initiative has now 
grown to include 160+ faculty members from 21 academic departments.  This broad-based effort 
provides the backdrop for the Center. 
To successfully accomplish its goals, however, CBiRC will exploit partnerships with 
outstanding faculty with complementary expertise from not only its core partner institutions (i.e., 
those with connections through the Engineering colleges), but also its collaborating and foreign 
partner institutions.  The disciplinary composition of the Center’s faculty team is depicted in 
Figure 2a.  Since these expert biorenewables-related researchers are not located at just one or two 
institutions, CBiRC creates a centralized focal point to unite top engineers and scientists for 
collaborative research. Collaboration at this level is required to successfully develop the 
fundamental knowledge and technology base needed to make biorenewable chemicals a 
technological and commercial reality. 
The relatively large number of educational institutions involved with the Center represents a 
somewhat different model than existing NSF ERCs, thus necessitating careful selection of 
faculty participants as well as a robust model for facilitating interactions between them.  Three 
criteria were used to assemble the faculty participants from all of the Center’s partner 
institutions: 1) renowned engineers and scientists with cutting-edge research programs in 
CBiRC-related biorenewables areas; 2) evidence of pre-existing collaborative relationships with 
other prospective Center faculty members; and 3) commitment to collaborative research for 
advancing the goals of the Center. 
The CBiRC international education program builds from a recently awarded NSF PIRE 
entitled “Conversion of Biomass and Renewable Feedstock into Energy, Chemicals and 
Materials,” which further demonstrates the high level of ongoing collaboration among CBiRC 
faculty.  This effort, which involves a subset of Thrust 3 investigators (Datye, Davis, Dumesic, 
Neurock, and B. Shanks), creates an international partnership with the Fritz Haber Institute of the 
Max Planck Society in Berlin and the Technical University of Denmark.  Many of the PIRE 
activities are therefore incorporated into the Center’s strategic plan, and the Fritz Haber Institute 
and Technical University of Denmark have been selected as foreign university partners 
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accordingly.  To enable participation in the international partnership, Prof. Robert Schlögl has 
received a commitment of €100,000 per year (~$148,000 USD) from the Max Planck Society.  
The Technical University of Denmark has received a commitment of about $25,000,000 in 
renewable from the Danish National Research Foundation with the PIRE being one of the 
highlighted efforts.  Initially to be focused on chemical catalysis, the international partnership 
will eventually expand to include biocatalysis.  [Note:  The rationale for selecting the Center’s 
pre-college and innovation partners is discussed in more detail in Sections 3 and 4 of this report, 
respectively.] 
The need for faculty participants to work collaboratively is central to the vision of/rationale 
for the Center.  While our faculty participants have existing collaborative relationships, CBiRC 
will further enhance these interactions through annual meetings and monthly teleconferences for 
faculty in each thrust area.  Test bed teams will also meet at intervals appropriate for their 
projects.  Postdoctoral scholars in the Center will be co-advised by at least two faculty 
participants in a thrust area.  We envision that postdoctoral scholars will have the opportunity to 
spend significant amounts of time at more than one institution.  For example, a two-year 
postdoctoral appointment could involve one year each at two different CBiRC academic 
institutions.  Some doctoral student will have a primary Ph.D. advisor and a co-advisor from 
another institution.  Travel funds are included in the budget to facilitate meetings between the 
Ph.D. and his/her co-advisor. 
The partnerships among the aforementioned institutions and their contributions to the 
Center’s strategic plan have now been formalized, as each of the Center’s core partner 
institutions has signed and executed a Membership Agreement, a Confidentiality Agreement, and 
a Subcontract Agreement.  Subcontract Agreements have also been executed with the Center’s 
collaborating institutions, i.e., those contributing affiliated faculty (namely, the Salk Institute and 
the University of Michigan), and Center funds have been allocated according to prior-approved 
subawardee budgets. 
 
Leadership Effort 
 
The positions listed below are considered Key Personnel and are essential to the work of the 
Center.  No changes to these positions are contemplated at this time.  Rather, after having 
attended the ERC Program’s annual meeting in December, 2008, and working together over the 
past six months to launch the Center, this group (the Leadership Team) has become more 
cohesive and effective in planning and implementing the research, education, industrial 
collaboration, and administrative aspects of the Center. 
 
Center Director Brent Shanks (ISU) 
Deputy Director Basil Nikolau (ISU) 
Administrative Director Tonia McCarley (ISU) 
(University) Education Program Director D. Raj Raman (ISU) 
Pre-College Education Program Director Adah Leshem-Ackerman (ISU) 
Industrial Collaboration & Innovation Director Jill Euken (ISU) 
Diversity Director Derrick Rollins (ISU) 
International Program Director Abhaya Datye (New Mexico) 
Leader, Thrust 1 David Oliver (ISU) 
Leader, Thrust 2 Ka-Yiu San (Rice) 
Leader, Thrust 3 Bob Davis (Virginia)
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At CBiRC, the Center Director is responsible for the vision that determines the direction of 
the Center and for inspiring and instilling loyalty among the leadership team, staff and affiliated 
faculty.  The Director also works to build and maintain relationships with university 
administrators and the relevant departments.  He is aided in this complex role by the Deputy 
Director, who shares some of the leadership and management responsibilities in CBiRC, and in a 
manner that complements the leadership style of the Director. 
One of the first and most critical tasks for the Director and Deputy Director was developing 
the Center’s strategic plan and a broad strategy for achieving its vision.  This initial planning was 
done by an “Executive Committee” consisting of the Center’s directorate, with subsequent input 
by all the members of the Leadership Team.  The smaller group allowed faster convergence on 
the initial plan.  Later, as the Center matures, the strategic plan will be reviewed and discussed at 
least annually by the Industrial Advisory Board and/or Scientific Advisory Board.  While the 
natural tendency of the IAB may be to benefit industry short-term interests, the Leadership Team 
will strive to filter out such influences and absorb them in the higher aims of the plan. 
Evaluation and revision of the strategic plan at the individual thrust level will be continuous.  
Adjustments will be made to specific goals and short-term approaches through frequent meetings 
of the Technical Leadership Team, which consists of the Center Director, Deputy Director and 
Thrust Leaders and Co-Leaders (a total of 6 people). The Technical Leadership Team is 
therefore ultimately responsible for coordinating the research program and projects within 
CBiRC. 
The University, Pre-College, and International Education Program Directors will also work 
as a team to provide oversight of the Center’s education programs, with the Center Director 
serving as an ad hoc member.  The University Education Program Director serves as the chair of 
this team.  The education program directors will also coordinate efforts to pursue additional 
education-related funding for CBiRC.  Finally, working in concert with the Technical Leadership 
Team, this group will be responsible for integrating the REU, RET and other educational 
outreach programs into the Center’s research program. 
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5.2. Diversity Effort and Impact 
 
Diversity statistics for CBiRC faculty and students are shown in Table 7a and Figures 7b, 7c, 
7d, 7e, and 7f.  These tables and charts summarize diversity statistics at the center level by 
institution and for women, underrepresented racial minorities, Hispanics/latinos, and persons 
with disabilities.  Data are shown for the leadership team, faculty, postdoctoral students, master’s 
students, and undergraduate students.  Two sections are provided; namely, one for U.S. citizens 
and permanent residents only, and the other for foreign nationals. 
 
Strategies for Increasing Center Diversity 
 
CBiRC’s diversity strategy will be implemented over the life of the Center.  As described in 
the strategic plan, the following constituent areas will be targeted. 
 
Pre-College Students 
The Des Moines Public Schools District, which serves as a partner in the pre-college 
education program, will provide access to a diverse group of 6-12th grade students for the Young 
Engineers Program.  A key aspect of this program will be pairing students with teachers from 
their home institutions (also CBiRC participants) to create continuity and support for the 
students.  Expansion of the pre-college program to New Mexico in years 5-10 will further 
enhance recruitment of diverse 6-12th grade students into STEM subject areas in college.  We 
will assess the students who participate in our pre-college program to ensure that we are 
involving a diverse set of students as well as to evaluate how many of these students are 
involved.  We will also monitor the number of students involved with our program that choose 
STEM subject areas in college. 
 
Undergraduate Recruiting 
The primary recruitment of undergraduate students into the biorenewables area will be 
through the CBiRC summer REU program at ISU and at our international partner institutions.  
Having the international education program led from the University of New Mexico (UNM) will 
enhance the connection to the diverse student body at that institution.  The high level of diversity 
in the existing REU programs at ISU and UNM demonstrates the ability of these two CBiRC 
partner institutions to recruit a broad range of undergraduate students, so we are confident that 
similar diversity can be achieved in the CBiRC REU program with the goal of at least 60% 
female and underrepresented minorities.  We have initiated involvement with the National 
Organization for Black Chemists and Chemical Engineers (NOBCChE) by participating in the 
Fall Midwest Regional meeting to recruit students for both the CBiRC REU program and 
graduate studies.  We also have had direct discussions with Tuskegee University, University of 
Puerto Rico – Mayaguez (UPRM), Prairie View A&M University and Florida A&M University 
for recruiting high ability minority students into the CBiRC REU program.  As a follow-up to 
those discussions B. Shanks visited UPRM in February, 2009, and gave and overview of CBiRC. 
We will assess these approaches through the Evaluation and Assessment program discussed in 
Section 5.5. 
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Graduate Recruiting 
While we expect the pre-college and university education programs to ultimately create a 
graduate student pipeline for the center, we will also engage with the annual NOBCChE 
meetings as a means for recruiting diverse graduate students.  We will attend the national 
NOBCChE meeting starting in 2009.  We will also look to exploit the large number of partner 
institutions involved with CBiRC, which allows direct access to a significant undergraduate 
student base.  Our goal is to have at least 50% of our CBiRC graduate students and postdoctoral 
researchers be females and underrepresented minorities. 
 
Faculty Recruiting 
We have a commitment from ISU to add five new faculty members over the initial 10 years 
of CBiRC who can contribute to its strategic research.  To fully capture the opportunities 
associated with these hires, we will interact with the NSF-funded ISU ADVANCE Program.  We 
will also exploit the fact that many of the partner institutions have experience with the NSF 
ADVANCE program.  The University of Wisconsin and University of California - Irvine are past 
NSF ADVANCE program awardees, and Rice University is a current award recipient.  We will 
use the Dean’s Council for CBiRC to share best practices from these experiences, which we will 
incorporate into our recruiting efforts and into activities that will ensure a supportive climate for 
diverse faculty in CBiRC. 
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5.3. Management Effort 
 
Organization and Management Systems 
 
Though CBiRC is a multi-university partnership, ultimate administrative and management 
responsibility and authority for the Center rests with Iowa State University as lead institution.  For 
the most part, how the various institutions interact and share in and contribute to Center 
operations and resources is clarified and formalized in the Membership Agreement (see Appendix 
II), which all core partner institutions and industry members have since executed; the 
Confidentiality Agreement (see Appendix II), which all industry members, core partner 
institutions, and collaborating institutions are required to execute; and the individual Subcontract 
Agreements, which have now been executed between Iowa State and all subordinate institutions. 
Within Iowa State University, the Center Director reports to the Dean of the College of 
Engineering, who chairs the Council of Deans from the partner institutions and convenes the 
Internal Academic Policy Board as needed for guidance to the Center.  In addition to the Dean of 
Engineering, the Internal Academic Policy Board will consist of the Associate Deans for 
Research in the Colleges of Engineering, Agriculture and Life Sciences, and Liberal Art and 
Sciences as well as a representative from the Office of the Vice Provost for Research and 
Economic Development at ISU.  This “chain of command” is graphically depicted in Figure 5.3. 
As reported in Section 5.1, positions for all key personnel are filled, and no changes to these 
positions are envisioned at this time.  All new staff positions have also been filled.  In particular, 
Katie Blair was hired in December, 2008, as a Program Assistant.  She will assist the education 
program directors with coordination and management of the Center’s pre-college, undergraduate 
and graduate programs, including the REU and RET programs. 
Then in January, 2009, Donna Millang was hired as the Center’s Financial Specialist.  Donna 
will report directly to the Administrative Director and assist with financial accounting, budgeting 
and reporting; daily business operations (e.g., payroll, purchasing, travel, etc.); and preparation 
of the annual report/renewal proposal. 
Due in part to the prevailing economic climate and its adverse impact on the Center’s 
industry memberships, the search for an Administrative Specialist I (General Office/Clerical 
Support) has been postponed indefinitely.  This position was to provide administrative assistance 
to the Center Director and other management personnel, answer phones and receive visitors, and 
assist the Administrative Director and Financial Specialist with daily operations and routine 
tasks.  To the extent practicable, these duties are being absorbed by existing staff.  As the 
industry membership grows, funds originally budgeted for this position may be reallocated to IT 
services and support.  In particular, the funds may be designated for an IT position to be shared 
with the research thrusts, a new data server, and/or a Computer Engineering graduate student to 
help design and build the Center’s database (which will have research, educational and 
administrative components). 
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Fig. 5.3.  Organization chart for CBiRC. 
 
 
Advisory Bodies and Their Roles 
 
CBiRC Leadership Team and Center Operations 
As described in Section 5.1, the Center Director and Deputy Director head the CBiRC 
Leadership Team, which is responsible for overseeing the day-to-day operations of the Center as 
well as coordinating its overall strategic activities.  To this end, the Leadership Team meets 
monthly via the Center’s webconferencing system to plan, discuss and/or implement Center 
policies and procedures; self-assess and/or develop reporting tools to measure the Center’s 
performance and progress toward stated goals; and otherwise help implement the Center’s vision 
and strategic plan.  The team’s ISU members meet together in person more frequently to handle 
routine business matters and address other important administrative aspects of the Center, 
including continued development of the Center’s new, secure SharePoint (intranet) site, which 
we hope will enable more efficient communication and management capabilities. 
 
Technical Leadership Team and Project Review/Assessment 
As previously discussed, the Technical Leadership Team is responsible for coordinating the 
Center’s overall research program and managing its research project portfolio.  To this end, the 
team is ultimately responsible for:  1) developing methods for determining which projects are 
needed to achieve the Center’s strategic plan; 2) allocating funds to implement the strategic plan 
CBiRC First Annual Report
Volume I 92
  
and monitoring the expenditure of these funds; 3) assessing the quality and impacts of the 
projects; 4) identifying and pursuing opportunities for sponsored and/or associated projects that 
will help the Center achieve its strategic goals; and 5) forming or modifying the research thrust 
teams, as needed.  Working collaboratively with the education program directors, the team is 
also responsible for integrating the REU and RET programs into the research program.  The 
Technical Leadership Team will consider input from the Scientific Advisory Board and 
Industrial Advisory Board in making these decisions.  Integration of projects within a specific 
thrust area will be the responsibility of the respective Thrust Leader. 
 
Student Leadership Council 
As reported in the Center’s strategic plan, CBiRC’s Student Leadership Council (SLC) will be 
comprised of students selected from across the academic partner institutions.  Each member will 
serve staggered two-year terms, with half of the Council new each year.  The SLC will have 
bimonthly meetings and will formally advise the CBiRC Leadership Team twice yearly and 
informally on an as needed basis on effective strategies for ensuring research collaboration 
between students and across institutions.  The SLC will also help to coordinate the involvement of 
CBiRC undergraduate students, graduate students and postdoctoral researchers in CBiRC’s 
research, education, and outreach activities. 
As of the date of this report, the Student Leadership Council is still being assembled, but we 
hope to have the membership filled by early April, 2009.  Basak Cinlar, a doctoral student 
working in the B. Shanks Lab on Thrust 3 activities, and Christopher Leber, a doctoral student 
working in the Da Silva Lab on Thrust 2 activities, have agreed to serve and are committed to 
membership, at least for the current award year.  Two additional graduate students (one from 
Iowa State University and another from a core partner institution) and at least one undergraduate 
student will be recruited to complete the Council’s membership.  Dr. Marna Yandeau-Nelson, an 
Associate Scientist in the Nikolau Lab (Thrust 1), has agreed to serve on the Council in an ex 
officio capacity as a non-leadership team advisor for the students.  Dr. Leshem-Ackerman will 
also help mentor the SLC as liaison for the CBiRC Leadership Team. 
The SLC will be convened for the first time via webconference in mid-April, 2009, and at 
that time, will conduct its SWOT analysis of the Center and begin drafting its Constitution and 
Bylaws.  The SWOT analysis will be completed by the end of April, 2009, such that it can be 
presented to the Site Visit Team in early May, 2009, when students and SLC members meet with 
the team in private session. 
 
Industrial and Scientific Advisory Boards 
As described in the Center’s Membership Agreement (see Appendix II), CBiRC will have an 
Industrial Advisory Board (IAB) comprised of one representative from each Member company.  
The IAB will meet bi-annually to provide advice to CBiRC consistent with the aims of the NSF 
ERC program, including guidance on strategic direction, research activities, education programs 
and technology transfer efforts.  Meeting logistics and other operating procedures of the IAB will 
be determined outside of the Agreement.  One of the meetings, however, will routinely be held in 
conjunction with the Center’s annual site visit, at which time the IAB will meet privately with 
the site visit team to present the results of its annual SWOT analysis and otherwise provide an 
industrial perspective on the Center’s strategic direction and an assessment of its performance 
toward research and technology transfer goals. 
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Review of the Center’s critical milestones and test beds will be an important function of the 
Scientific Advisory Board.  A second set of milestones are key steps required to advance a 
specific test bed.  Advancing a test bed ultimately leads to technology transfer to our industrial or 
innovation partners.  Hence, progress on specific test bed milestones will be reviewed by the 
Industrial Advisory Board.  Reaching the critical milestones is predicated on successful 
completion of test bed milestones. 
 
Fiscal Planning and Management 
 
Budgeting and Fiscal Planning 
Establishing budgets/funding allocations is an important process that, at present, is initially 
addressed at the director and Leadership Team levels.  Thrust and program area leaders first 
propose line-item budgets for all the projects within their thrust or program areas based on 
strategic goals and expected milestones and deliverables.  These preliminary budgets are then 
reviewed and refined by the Director and Administrative Director, who assimilate and transform 
the line-item budgets into an integrated functional budget for the Center.  The revised line-item 
budgets are then returned and discussed among the Technical Leadership Team to ensure 
technical connectivity across and among thrusts.  In this fashion, the functional and line-item 
budgets/spending plans for the current and proposed award years were developed (see Tables 8 
and 8b, Figure 8a, Table 10, and the “Budget Request” section of this report).  Coincidentally, all 
growth requested in the spending plan for the next award year is within the traditional growth 
trajectory for ERC’s (which projects increases in base support of $250,000 per year up to the 
fourth year, at which time, funding flattens at $4.0 million) and allows for 3% inflation in salary, 
fringe benefit, travel, materials, and other direct costs. 
It is important to note that multi-university centers like CBiRC face a unique challenge of 
reviewing and allocating budgets not only across thrust and program areas, but also across 
institutions.  Therefore, the Center will develop a process that addresses the concerns of all 
internal parties such as thrust leaders, campus directors, program directors, and PIs, while also 
reflecting the input of the IAB and SAB and other external stakeholders.  Further, the Director, 
Administrative Director, and Technical Leadership Team will ensure that the fiscal planning 
process and budget outcomes reflect the multi-institutional nature of the Center.  As champion of 
the Center’s vision, the Director’s perspective, in particular, will be instrumental in ensuring that 
the project review and assessment process considers not only technical connectivity within and 
among thrusts, but also supports ongoing intercampus connectivity. 
 
Sources and Types of Financial Support 
As reflected in Tables 9 and 11, CBiRC has three primary sources of unrestricted cash 
support in the current award year; namely, the NSF ERC base award, U.S. industry (through the 
Center’s member program), and U.S. universities (in the form of institutional cost sharing).  At 
present, Iowa State University is the only institutional partner to commit cost sharing (at the level 
of $600,000 cash per year for the first five years).  In the third year, when the Center is preparing 
its annual report/renewal proposal, university cost sharing will be revisited, and core partner 
institutions may be asked to provide cash or in-kind donations, thereby alleviating some of the 
financial burden on ISU as lead institution.  The Center’s directors and Technical Leadership 
Team will ensure that any cost sharing commitments made at that time are met, and further, that 
these commitments remain balanced against expected and actual outcomes. 
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Table 9 also shows that the Center will receive restricted cash in the current award year for 
two sponsored projects.  Specifically, the Iowa Board of Regents and the Iowa Energy Center, 
both of which are State agencies, will contribute $8,200 and $7,800, respectively, as additional 
sponsorships for the 2009 RET and middle school summer academy programs. 
Finally, during this year’s data collection and annual reporting exercise, a number of 
associated projects were identified by the Technical Leadership Team as contributing to the 
Center’s research strategic plan.  Associated project funds are administered outside the Center by 
the home departments of the faculty investigators.  As reflected in Table 9, these associated 
projects were funded by U.S. industry, U.S. universities, other NSF programs (e.g, PIRE), and 
other Federal agencies (e.g., U.S. Department of Energy). 
 
Uses of Funds 
During award negotiations in May, 2008, a functional budget for the first award year was 
requested by and submitted to the NSF.  Then in December, 2008, an updated functional budget 
was submitted via the Center’s strategic plan.  Through expanded authorities, Iowa State 
University has since approved several other rebudget requests initiated by the Center on behalf of 
its affiliated faculty, who, due primarily to timing issues associated with student recruitment and 
hiring, decided to rebudget salary and fringe benefit costs to equipment or other direct cost line-
items.  The Center’s most recent spending plan is shown in Tables 8 and 10 accordingly. 
It is important to note a few things about the Center’s current and next award year spending 
plans, as shown in these tables.  First, as of the date of this report, the Center is projecting that it 
will completely expend its current award year budget and draw down all sources of support.  
This is primarily because the Center’s industry membership base is not nearly of the magnitude 
envisioned in the original application.  All but four of the nine member companies that had 
originally committed to membership have deferred to a future year (or in some cases, 
indefinitely) due to the unstable economic climate in the U.S. and abroad.  Consequently, a few 
adjustments have been made to the Center’s original spending plan (i.e., we’ve redistributed 
costs among and between our sources of support), and we’re not expecting to carry forward any 
residual funds into the next award year. 
Second, the $8.128 million reported during award negotiations as the (in-kind) value of new 
construction donations is omitted entirely (notice it is missing from Table 8).  In accord with 
ERC Program annual reporting guidelines, these types of in-kind sources of support should be 
reported only in the award year in which the building is first occupied by the Center.  Since 
occupancy of the new Biorenewables Research Laboratory Building (BRL) is not slated until the 
Spring of 2010, this figure is reported instead in Table 10 under “Proposed Budget - Facilities.”  
The dollar amount reflected here is proportional based on the Center’s expected occupancy in the 
BRL and represents ~25.4% of the $32 million construction cost.  For lack of clear guidance, no 
depreciation is factored into this amount. 
Finally, in preparing the spending plan for the next award year, industry costs were 
calculated on the basis of six members contributing $50,000 each.  Given feedback from our 
industrial partners and their comments about the current economic climate and prevailing 
financial uncertainties, we felt it prudent to be more conservative in our estimate of memberships 
to be received next year. 
 
CBiRC First Annual Report
Volume I 95
  Ta
bl
e 
8.
  F
un
ct
io
na
l b
ud
ge
t f
or
 th
e 
cu
rr
en
t A
w
ar
d 
Y
ea
r. 
Th
ru
st
 1
 - 
N
ew
 B
io
ca
ta
ly
st
s 
fo
r P
at
hy
w
ay
 
En
gi
ne
er
in
g
$7
12
,4
56
$4
9,
58
3
$0
$5
1,
66
0
$0
$0
$0
$8
13
,6
99
$1
20
,0
00
$9
33
,6
99
Th
ru
st
 2
 - 
M
ic
ro
bi
al
 M
et
ab
ol
ic
 E
ng
in
ee
ri
ng
$8
58
,1
81
$4
2,
67
2
$0
$3
5,
88
8
$0
$0
$0
$9
36
,7
41
$0
$9
36
,7
41
Th
ru
st
 3
 - 
C
he
m
ic
al
 C
at
al
ys
t D
es
ig
n
$7
69
,4
92
$5
1,
90
0
$0
$5
1,
66
0
$0
$0
$0
$8
73
,0
52
$9
58
,5
16
$1
,8
31
,5
68
Li
fe
 C
yc
le
 A
ss
es
sm
en
t S
up
po
rt
 A
re
a
$3
4,
13
0
$0
$0
$0
$0
$0
$0
$3
4,
13
0
$9
5,
81
3
$1
29
,9
43
R
es
ea
rc
h 
To
ta
l
$2
,3
74
,2
59
$1
44
,1
55
$0
$1
39
,2
08
$0
$0
$0
$2
,6
57
,6
22
$1
,1
74
,3
29
$3
,8
31
,9
51
G
en
er
al
 &
 S
ha
re
d 
Eq
ui
pm
en
t
$1
0,
28
8
$0
$0
$0
$0
$0
$0
$1
0,
28
8
$0
$1
0,
28
8
N
ew
 F
ac
ili
tie
s/
 N
ew
 C
on
st
ru
ct
io
n
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
Le
ad
er
sh
ip
/ A
dm
in
is
tr
at
io
n/
 M
an
ag
em
en
t
$8
9,
81
7
$0
$0
$1
73
,4
15
$0
$0
$0
$2
63
,2
32
$0
$2
63
,2
32
Ed
uc
at
io
n 
Pr
og
ra
m
s 
(e
xc
lu
di
ng
 R
E
U
 a
nd
 R
ET
 
Pr
og
ra
m
s)
$5
2,
72
8
$0
$0
$2
16
,4
40
$0
$0
$0
$2
69
,1
68
$0
$2
69
,1
68
R
es
ea
rc
h 
E
xp
er
ie
nc
es
 fo
r T
ea
ch
er
s 
P
ro
gr
am
$6
1,
80
0
$0
$1
6,
00
0
$3
1,
00
0
$0
$0
$0
$1
08
,8
00
$0
$1
08
,8
00
R
es
ea
rc
h 
E
xp
er
ie
nc
e 
fo
r 
U
nd
er
gr
ad
ua
te
s 
Pr
og
ra
m
$8
1,
60
0
$0
$0
$0
$0
$0
$0
$8
1,
60
0
$0
$8
1,
60
0
In
du
st
ri
al
 C
ol
la
bo
ra
tio
n/
In
no
va
tio
n 
Pr
og
ra
m
$2
,2
03
$5
3,
56
3
$0
$2
3,
34
4
$0
$0
$0
$7
9,
11
0
$0
$7
9,
11
0
C
en
te
r R
el
at
ed
 T
ra
ve
l
$3
0,
90
7
$2
,2
82
$0
$1
6,
59
3
$0
$0
$0
$4
9,
78
2
$0
$4
9,
78
2
R
es
id
ua
l F
un
ds
 R
em
ai
ni
ng
$0
$0
$0
$0
$0
$0
$0
$0
N
/A
$0
In
di
re
ct
 C
os
t
$5
46
,3
98
$0
$0
$0
$0
$0
$0
$5
46
,3
98
N
/A
$5
46
,3
98
To
ta
l
$3
,2
50
,0
00
$2
00
,0
00
$1
6,
00
0
$6
00
,0
00
$0
$0
$0
$4
,0
66
,0
00
$1
,1
74
,3
29
$5
,2
40
,3
29
O
th
er
 
G
ov
er
nm
en
t
D
ire
ct
 
S
up
po
rt
 
To
ta
l
A
ss
oc
ia
te
d 
Pr
oj
ec
ts
So
ur
ce
 o
f S
up
po
rt
St
at
e
Fu
nc
tio
n
ER
C
 
P
ro
gr
am
In
du
st
ry
D
ir
ec
t S
up
po
rt
To
ta
l
U
ni
ve
rs
ity
O
th
er
 
N
S
F
O
th
er
 
CBiRC First Annual Report
Volume I 96
  
R
es
ea
rc
h 
To
ta
l -
73
%
G
en
er
al
 &
 S
ha
re
d 
E
qu
ip
m
en
t -
0%
N
ew
 
Fa
ci
lit
ie
s/
 
N
ew
 
C
on
st
ru
ct
io
n 
-
0%
Le
ad
er
sh
ip
/ A
dm
in
is
tra
tio
n/
 
M
an
ag
em
en
t -
5%
E
du
ca
tio
n 
Pr
og
ra
m
s 
(e
xc
lu
di
ng
 
R
EU
 a
nd
 
RE
T 
Pr
og
ra
m
s)
 -
5%
Re
se
ar
ch
 
E
xp
er
ie
nc
es
 fo
r 
Te
ac
he
rs
 
Pr
og
ra
m
 -
2%
R
es
ea
rc
h 
Ex
pe
rie
nc
e 
fo
r 
U
nd
er
gr
ad
ua
te
s 
P
ro
gr
am
 -
2%
In
du
st
ria
l 
C
ol
la
bo
ra
tio
n/
In
no
va
tio
n 
P
ro
gr
am
 -
2%
C
en
te
r R
el
at
ed
 
Tr
av
el
 -
1%
Re
si
du
al
 F
un
ds
 
Re
m
ai
ni
ng
 -0
%
In
di
re
ct
 C
os
t -
10
%
 
 
Fi
g.
 8
a.
  F
un
ct
io
na
l b
ud
ge
t f
or
 th
e 
cu
rr
en
t A
w
ar
d 
Y
ea
r. 
CBiRC First Annual Report
Volume I 97
  Ta
bl
e 
8b
.  
D
is
tri
bu
tio
n 
of
 c
ur
re
nt
 A
w
ar
d 
Y
ea
r b
ud
ge
t b
y 
in
st
itu
tio
n 
(F
Y
20
09
). 
In
st
itu
tio
n 
C
ur
re
nt
 A
w
ar
d 
Y
ea
r B
ud
ge
t A
llo
ca
tio
n 
Pe
rc
en
t o
f T
ot
al
 
D
ire
ct
 C
as
h 
Pe
rc
en
t o
f T
ot
al
 
A
ss
oc
ia
te
d 
Pr
oj
ec
ts
 
D
ire
ct
 C
as
h*
 
A
ss
oc
ia
te
d 
Pr
oj
ec
ts
* 
Io
w
a 
St
at
e 
U
ni
ve
rs
ity
 
$2
,6
47
,8
38
 
$3
16
,8
96
 
65
.1
%
 
27
.0
%
 
U
ni
ve
rs
ity
 o
f C
al
ifo
rn
ia
 - 
Ir
vi
ne
 
$2
17
,8
36
 
$0
 
5.
4%
 
0.
0%
 
U
ni
ve
rs
ity
 o
f N
ew
 M
ex
ic
o 
$1
42
,8
10
 
$6
44
,3
13
 
**
 
3.
5%
 
54
.9
%
 
U
ni
ve
rs
ity
 o
f V
irg
in
ia
 
$2
85
,6
80
 
$1
03
,1
20
 
7.
0%
 
8.
8%
 
U
ni
ve
rs
ity
 o
f W
is
co
ns
in
 –
 M
ad
is
on
 
$1
42
,8
10
 
$1
10
,0
00
 
3.
5%
 
9.
4%
 
W
. M
. R
ic
e 
U
ni
ve
rs
ity
 
$2
95
,7
05
 
$0
 
7.
3%
 
0.
0%
 
Sa
lk
 In
st
itu
te
 fo
r B
io
lo
gi
ca
l S
tu
di
es
 
$1
66
,6
61
 
$0
 
4.
1%
 
0.
0%
 
U
ni
ve
rs
ity
 o
f M
ic
hi
ga
n 
$1
66
,6
60
 
$0
 
4.
1%
 
0.
0%
 
TO
TA
L 
$4
,0
66
,0
00
 
$1
,1
74
,3
29
 
10
0.
0%
 
10
0.
0%
 
* 
 T
ot
al
 fr
om
 a
ll 
so
ur
ce
s, 
in
cl
ud
in
g 
Fe
de
ra
l, 
in
du
st
ry
, s
ta
te
, u
ni
ve
rs
ity
, a
nd
 o
th
er
 o
rg
an
iz
at
io
ns
. 
**
  T
hi
s a
m
ou
nt
 in
cl
ud
es
 a
n 
N
SF
 P
IR
E 
aw
ar
d 
fo
r $
46
0,
79
4 
in
 d
ir
ec
t c
os
ts
 th
at
 w
as
 a
w
ar
de
d 
to
 A
bh
ay
a 
D
at
ye
 a
s P
I/P
D
.  
W
hi
le
 
th
e 
U
ni
ve
rs
ity
 o
f N
ew
 M
ex
ic
o 
is
 th
e 
pr
im
e 
re
ci
pi
en
t, 
Io
w
a 
St
at
e 
U
ni
ve
rs
ity
, U
ni
ve
rs
ity
 o
f V
ir
gi
ni
a,
 a
nd
 U
ni
ve
rs
ity
 o
f W
is
co
ns
in
-
M
ad
is
on
 a
re
 a
ll 
su
bc
on
tr
ac
to
rs
.  
H
en
ce
, t
he
se
 fu
nd
s 
ar
e 
ac
tu
al
ly
 a
llo
ca
te
d 
am
on
g 
th
e 
fo
ur
 s
ch
oo
ls
, b
ut
 fo
r 
pu
rp
os
es
 o
f t
hi
s 
re
po
rt
, a
ll 
ar
e 
at
tri
bu
te
d 
to
 th
e 
le
ad
 in
st
itu
tio
n.
 
 
CBiRC First Annual Report
Volume I 98
  Ta
bl
e 
9.
  S
ou
rc
es
 o
f s
up
po
rt.
 
Se
pt
em
be
r 1
, 
20
04
 - 
A
ug
us
t 
31
, 2
00
5
Se
pt
em
be
r 1
, 
20
05
 - 
Au
gu
st
 
31
, 2
00
6
S
ep
te
m
be
r 
1,
 
20
06
 - 
A
ug
us
t 
31
, 2
00
7
Se
pt
em
be
r 1
, 
20
07
 - 
A
ug
us
t 
31
, 2
00
8
Se
pt
em
be
r 1
, 2
00
8 
- A
ug
us
t 3
1,
 2
00
9
R
ec
'd
.
Pr
om
.
To
ta
l
   
 N
S
F 
E
R
C
 B
as
e 
A
wa
rd
$0
$0
$0
$0
$0
$3
,2
50
,0
00
$0
$3
,2
50
,0
00
$3
,2
50
,0
00
   
 U
.S
. I
nd
us
try
$0
$0
$0
$0
$0
$1
50
,0
00
$5
0,
00
0
$2
00
,0
00
$2
00
,0
00
   
 F
or
ei
gn
 In
du
st
ry
$0
$0
$0
$0
$0
$0
$0
$0
$0
   
 S
ta
te
$0
$0
$0
$0
$0
$0
$0
$0
$0
   
 U
.S
. U
ni
ve
rs
ity
$0
$0
$0
$0
$0
$2
02
,5
00
$3
97
,5
00
$6
00
,0
00
$6
00
,0
00
   
 F
or
ei
gn
 U
ni
ve
rs
ity
$0
$0
$0
$0
$0
$0
$0
$0
$0
   
 O
th
er
 N
SF
 (N
ot
 E
R
C
 P
ro
gr
am
)
$0
$0
$0
$0
$0
$0
$0
$0
$0
   
 O
th
er
 U
.S
. G
ov
er
nm
en
t (
N
ot
 N
SF
)
$0
$0
$0
$0
$0
$0
$0
$0
$0
   
 F
or
ei
gn
 G
ov
er
nm
en
t
$0
$0
$0
$0
$0
$0
$0
$0
$0
   
 O
th
er
 S
ou
rc
e.
 
$0
$0
$0
$0
$0
$0
$0
$0
$0
TO
TA
L 
U
nr
es
tr
ic
te
d 
C
as
h
$0
$0
$0
$0
$0
$3
,6
02
,5
00
$4
47
,5
00
$4
,0
50
,0
00
$4
,0
50
,0
00
   
 N
S
F 
E
R
C
 P
ro
gr
am
 S
pe
ci
al
 P
ur
po
se
 
Aw
ar
ds
 a
nd
 S
up
pl
em
en
ts
$0
$0
$0
$0
$0
$0
$0
$0
$0
   
 U
.S
. I
nd
us
try
$0
$0
$0
$0
$0
$0
$0
$0
$0
   
 F
or
ei
gn
 In
du
st
ry
$0
$0
$0
$0
$0
$0
$0
$0
$0
   
 S
ta
te
$0
$0
$0
$0
$0
$7
,8
00
$8
,2
00
$1
6,
00
0
$1
6,
00
0
   
 U
.S
. U
ni
ve
rs
ity
$0
$0
$0
$0
$0
$0
$0
$0
$0
   
 F
or
ei
gn
 U
ni
ve
rs
ity
$0
$0
$0
$0
$0
$0
$0
$0
$0
   
 O
th
er
 N
SF
 (N
ot
 E
R
C
 P
ro
gr
am
)
$0
$0
$0
$0
$0
$0
$0
$0
$0
   
 O
th
er
 U
.S
. G
ov
er
nm
en
t (
N
ot
 N
SF
)
$0
$0
$0
$0
$0
$0
$0
$0
$0
   
 F
or
ei
gn
 G
ov
er
nm
en
t
$0
$0
$0
$0
$0
$0
$0
$0
$0
   
 O
th
er
 S
ou
rc
e.
 
$0
$0
$0
$0
$0
$0
$0
$0
$0
TO
TA
L 
R
es
tr
ic
te
d 
C
as
h
$0
$0
$0
$0
$0
$7
,8
00
$8
,2
00
$1
6,
00
0
$1
6,
00
0
   
 U
.S
. I
nd
us
try
$0
$0
$0
$0
$0
$1
44
,8
96
$0
$1
44
,8
96
$1
44
,8
96
   
 F
or
ei
gn
 In
du
st
ry
$0
$0
$0
$0
$0
$0
$0
$0
$0
   
 S
ta
te
$0
$0
$0
$0
$0
$0
$0
$0
$0
   
 O
th
er
 N
SF
 (n
ot
 E
R
C
 p
ro
gr
am
)
$0
$0
$0
$0
$0
$4
60
,7
94
$0
$4
60
,7
94
$4
60
,7
94
   
 O
th
er
 U
S 
G
ov
er
nm
en
t (
no
t N
SF
)
$0
$0
$0
$0
$0
$4
48
,6
39
$0
$4
48
,6
39
$4
48
,6
39
   
 F
or
ei
gn
 G
ov
er
nm
en
t
$0
$0
$0
$0
$0
$0
$0
$0
$0
   
 O
th
er
 (s
pe
ci
fy
 s
ou
rc
e)
$0
$0
$0
$0
$0
$1
20
,0
00
$0
$1
20
,0
00
$1
20
,0
00
   
 F
or
ei
gn
 U
ni
ve
rs
ity
$0
$0
$0
$0
$0
$0
$0
$0
$0
TO
TA
L 
As
so
ci
at
ed
 P
ro
je
ct
s 
4
$0
$0
$0
$0
$0
$1
,1
74
,3
29
$0
$1
,1
74
,3
29
$1
,1
74
,3
29
TO
TA
L 
C
as
h 
Su
pp
or
t, 
Al
l S
ou
rc
es
 3
$0
$0
$0
$0
$0
$3
,6
10
,3
00
$4
55
,7
00
$4
,0
66
,0
00
$4
,0
66
,0
00
Ty
pe
 o
f S
up
po
rt
E
ar
ly
 
C
um
ul
at
iv
e 
To
ta
l [
1]
Cu
m
ul
. T
ot
al
 [2
]
 
CBiRC First Annual Report
Volume I 99
     
 N
S
F/
E
R
C
 P
ro
gr
am
 2
$0
$0
$0
$0
$0
$0
$0
$0
N
/A
   
 U
.S
. I
nd
us
try
 2
$0
$0
$0
$0
$0
$0
$0
$0
N
/A
   
 F
or
ei
gn
 In
du
st
ry
 2
$0
$0
$0
$0
$0
$0
$0
$0
N
/A
   
 S
ta
te
 2
$0
$0
$0
$0
$0
$0
$0
$0
N
/A
   
 U
.S
. U
ni
ve
rs
ity
 2
$0
$0
$0
$0
$0
$0
$0
$0
N
/A
   
 F
or
ei
gn
 U
ni
ve
rs
ity
 2
$0
$0
$0
$0
$0
$0
$0
$0
N
/A
   
 O
th
er
 N
SF
 (N
ot
 E
R
C
 P
ro
gr
am
) 2
$0
$0
$0
$0
$0
$0
$0
$0
N
/A
   
 O
th
er
 U
.S
. G
ov
er
nm
en
t (
N
ot
 N
SF
) 2
$0
$0
$0
$0
$0
$0
$0
$0
N
/A
   
 F
or
ei
gn
 G
ov
er
nm
en
t 2
$0
$0
$0
$0
$0
$0
$0
$0
N
/A
   
 O
th
er
 S
ou
rc
e.
  2
$0
$0
$0
$0
$0
$0
$0
$0
N
/A
TO
TA
L 
R
es
id
ua
l F
un
ds
 2
$0
$0
$0
$0
$0
$0
$0
$0
N
/A
TO
TA
L 
In
-K
in
d 
Su
pp
or
t, 
A
ll 
So
ur
ce
s
$0
$0
$0
$0
$0
$0
$0
$0
$0
Pe
rc
en
t N
on
-E
R
C
 P
ro
gr
am
 C
as
h
N
/A
N
/A
N
/A
N
/A
N
/A
9.
98
10
0.
00
20
.0
7
20
.0
7
G
ra
nd
 T
ot
al
 (C
as
h 
+ 
In
-K
in
d)
$0
$0
$0
$0
$0
$3
,6
10
,3
00
$4
55
,7
00
$4
,0
66
,0
00
$4
,0
66
,0
00
4 
- I
n 
20
03
 -2
00
4 
A
ss
oc
ia
te
d 
P
ro
je
ct
s 
D
at
a 
w
as
 n
ot
 c
ol
le
ct
ed
.
1 
- F
or
 C
en
te
rs
 in
 o
pe
ra
tio
n 
fo
r m
or
e 
th
an
 fi
ve
 y
ea
rs
.
2 
- N
o 
R
es
id
ua
l a
m
ou
nt
s 
ar
e 
in
cl
ud
ed
 in
 th
e 
C
um
ul
at
iv
e 
To
ta
l c
ol
um
n 
be
ca
us
e 
th
e 
fu
nd
s 
ar
e 
by
 d
ef
in
iti
on
 in
cl
ud
ed
 in
 th
e 
ye
ar
 in
 w
hi
ch
 th
ey
 
w
er
e 
re
ce
iv
ed
.
3 
- C
as
h 
To
ta
l =
 T
he
 s
um
 o
f U
nr
es
tri
ct
ed
 C
as
h,
 R
es
tri
ct
ed
 C
as
h,
 a
nd
 R
es
id
ua
l F
un
ds
 fo
r a
 p
ar
tic
ul
ar
 N
SF
 A
w
ar
d 
Ye
ar
, b
ut
 N
O
T 
In
di
re
ct
 
Su
pp
or
t f
or
 A
ss
oc
ia
te
d 
Pr
oj
ec
ts
.  
Th
is
 c
as
h 
am
ou
nt
 in
 T
ab
le
 9
 is
 a
ls
o 
th
e 
to
ta
l f
or
 th
e 
'E
xp
en
di
tu
re
' c
ol
um
n 
pe
rta
in
in
g 
to
 th
e 
sa
m
e 
Aw
ar
d 
Y
ea
r 
in
 T
ab
le
 1
0:
  A
nn
ua
l E
xp
en
di
tu
re
s 
an
d 
Bu
dg
et
s.
 
CBiRC First Annual Report
Volume I 100
  Ta
bl
e 
9a
.  
H
is
to
ry
 o
f E
R
C
 fu
nd
in
g 
of
 th
e 
C
en
te
r. 
A
w
ar
d 
N
o.
 
A
w
ar
d 
Ty
pe
 
A
w
ar
d 
Ti
tle
 
A
w
ar
d 
D
ur
at
io
n 
A
w
ar
d 
A
m
ou
nt
* 
St
at
us
 
Fi
na
l R
ep
or
t 
A
pp
ro
ve
d?
 
EE
C
-0
81
35
70
 
ER
C
 B
as
e 
N
SF
 E
ng
in
ee
rin
g 
R
es
ea
rc
h 
C
en
te
r f
or
 
B
io
re
ne
w
ab
le
 
C
he
m
ic
al
s (
C
Bi
RC
) 
5 
ye
ar
s 
$1
8,
50
0,
00
0
In
 p
ro
gr
es
s 
N
/A
 
TO
TA
L 
 
 
 
$1
8,
50
0,
00
0
 
 
* 
 S
ub
je
ct
 to
 a
va
ila
bi
lit
y 
of
 fu
nd
s a
nd
 sa
tis
fa
ct
or
y 
pr
og
re
ss
 to
w
ar
d 
st
at
ed
 g
oa
ls
. 
CBiRC First Annual Report
Volume I 101
  Ta
bl
e 
9b
1.
  C
om
m
itt
ed
 c
os
t s
ha
rin
g 
(b
ud
ge
te
d 
am
ou
nt
s)
 b
y 
in
st
itu
tio
n.
 
In
st
itu
tio
n 
C
ur
re
nt
 A
w
ar
d 
Y
ea
r 
C
um
ul
at
iv
e 
C
om
m
itt
ed
 
A
va
ila
bl
e*
 
C
om
m
itt
ed
 
A
va
ila
bl
e 
Io
w
a 
St
at
e 
U
ni
ve
rs
ity
 (L
ea
d)
 
$6
00
,0
00
$2
02
,5
00
 
$6
00
,0
00
$2
02
,5
00
U
ni
ve
rs
ity
 o
f C
al
ifo
rn
ia
 –
 Ir
vi
ne
 
$0
$0
 
$0
$0
U
ni
ve
rs
ity
 o
f N
ew
 M
ex
ic
o 
$0
$0
 
$0
$0
U
ni
ve
rs
ity
 o
f V
irg
in
ia
 
$0
$0
 
$0
$0
U
ni
ve
rs
ity
 o
f W
is
co
ns
in
 –
 M
ad
is
on
 
$0
$0
 
$0
$0
W
. M
. R
ic
e 
U
ni
ve
rs
ity
 
$0
$0
 
$0
$0
TO
TA
L 
$6
00
,0
00
$2
02
,5
00
 
$6
00
,0
00
$2
02
,5
00
* 
 C
as
h 
av
ai
la
bl
e 
to
 t
he
 c
en
te
r 
as
 o
f 
2/
28
/0
9,
 t
he
 e
nd
 o
f 
C
Bi
RC
’s
 f
ir
st
 R
ep
or
tin
g 
Ye
ar
.  
Th
e 
re
m
ai
ni
ng
 $
39
7,
50
0 
of
 t
he
 i
ns
tit
ut
io
na
l 
co
m
m
itm
en
t i
s p
ro
m
is
ed
 b
y 
8/
31
/0
9,
 th
e 
en
d 
of
 C
Bi
RC
’s
 fi
rs
t A
w
ar
d 
Ye
ar
.  
In
 fa
ct
, a
ll 
bu
t $
30
,0
00
 o
f t
hi
s a
m
ou
nt
 w
as
 tr
an
sf
er
re
d 
to
 C
en
te
r 
ac
co
un
ts
 in
 M
ar
ch
, 2
00
9.
 
  Ta
bl
e 
9b
2.
  A
ct
ua
l c
os
t s
ha
rin
g 
(e
xp
en
de
d)
 b
y 
in
st
itu
tio
n.
 
In
st
itu
tio
n 
C
ur
re
nt
 A
w
ar
d 
Y
ea
r 
C
um
ul
at
iv
e 
C
om
m
itt
ed
 
A
ct
ua
l*
 
C
om
m
itt
ed
 
A
ct
ua
l 
Io
w
a 
St
at
e 
U
ni
ve
rs
ity
 (L
ea
d)
 
$6
00
,0
00
$1
41
,8
16
 
$6
00
,0
00
$1
41
,8
16
U
ni
ve
rs
ity
 o
f C
al
ifo
rn
ia
 –
 Ir
vi
ne
 
$0
$0
 
$0
$0
U
ni
ve
rs
ity
 o
f N
ew
 M
ex
ic
o 
$0
$0
 
$0
$0
U
ni
ve
rs
ity
 o
f V
irg
in
ia
 
$0
$0
 
$0
$0
U
ni
ve
rs
ity
 o
f W
is
co
ns
in
 –
 M
ad
is
on
 
$0
$0
 
$0
$0
W
. M
. R
ic
e 
U
ni
ve
rs
ity
 
$0
$0
 
$0
$0
TO
TA
L 
$6
00
,0
00
$1
41
,8
16
 
$6
00
,0
00
$1
41
,8
16
* 
 A
ct
ua
l e
xp
en
di
tu
re
s (
di
re
ct
 c
os
ts
 o
nl
y)
 a
s o
f 2
/2
8/
09
, t
he
 e
nd
 o
f C
Bi
RC
’s
 fi
rs
t R
ep
or
tin
g 
Ye
ar
. 
CBiRC First Annual Report
Volume I 102
  Ta
bl
e 
10
.  
A
nn
ua
l e
xp
en
di
tu
re
s a
nd
 b
ud
ge
t. 
Ex
pe
ns
es
 P
ro
po
se
d 
an
d 
R
es
id
ua
l 
B
ud
ge
t
E
ar
ly
 
C
um
ul
at
iv
e 
To
ta
l*
Se
pt
em
be
r 1
, 2
00
4 
- A
ug
us
t 3
1,
 2
00
5 
Ex
pe
nd
.
Se
pt
em
be
r 
1,
 2
00
5 
- A
ug
us
t 3
1,
 2
00
6 
E
xp
en
d.
S
ep
te
m
be
r 1
, 2
00
6 
- A
ug
us
t 3
1,
 2
00
7 
Ex
pe
nd
.
Se
pt
em
be
r 
1,
 2
00
7 
- A
ug
us
t 3
1,
 2
00
8 
E
xp
en
d.
S
ep
te
m
be
r 1
, 2
00
8 
- A
ug
us
t 3
1,
 2
00
9 
B
ud
ge
t
Pr
op
os
ed
 
B
ud
ge
t
S
al
ar
ie
s
$0
$0
$0
$0
$0
$1
,0
43
,8
41
$1
,2
05
,7
60
   
Fa
cu
lty
$0
$0
$0
$0
$0
$2
39
,3
24
$2
70
,4
93
   
P
os
td
oc
s
$0
$0
$0
$0
$0
$1
71
,6
10
$1
40
,2
35
   
S
tu
de
nt
s
$0
$0
$0
$0
$0
$3
73
,9
63
$4
92
,8
92
   
R
es
ea
rc
h 
St
af
f
$0
$0
$0
$0
$0
$4
5,
96
7
$6
5,
89
0
   
A
dm
in
is
tr
at
io
n/
M
an
ag
em
en
t
$0
$0
$0
$0
$0
$2
07
,9
77
$2
31
,1
00
   
O
th
er
 S
al
ar
ie
s
$0
$0
$0
$0
$0
$5
,0
00
$5
,1
50
Fr
in
ge
 B
en
ef
its
$0
$0
$0
$0
$0
$2
37
,2
89
$2
67
,2
24
Sa
la
rie
s 
an
d 
Fr
in
ge
 B
en
ef
its
 T
ot
al
$0
$0
$0
$0
$0
$1
,2
81
,1
30
$1
,4
72
,9
84
O
th
er
 E
xp
en
se
s
$0
$0
$0
$0
$0
$2
,7
84
,8
70
$1
1,
05
5,
01
6
   
G
en
er
al
 O
pe
ra
tin
g 
Ex
pe
ns
es
$0
$0
$0
$0
$0
$2
,1
12
,9
07
$2
,2
78
,9
06
   
Fa
ci
lit
ie
s
$0
$0
$0
$0
$0
$0
$8
,1
28
,0
00
   
M
aj
or
 Is
ol
at
ed
 E
xp
en
se
s
$0
$0
$0
$0
$0
$0
$0
   
E
qu
ip
m
en
t
$0
$0
$0
$0
$0
$1
25
,5
65
$7
4,
80
0
   
In
di
re
ct
 C
os
ts
$0
$0
$0
$0
$0
$5
46
,3
98
$5
73
,3
10
   
O
th
er
$0
$0
$0
$0
$0
$0
$0
R
es
id
ua
l F
un
ds
 R
em
ai
ni
ng
$0
$0
$0
$0
$0
$0
$0
TO
TA
L 
E
xp
en
di
tu
re
s 
&
 B
ud
ge
ts
$0
$0
$0
$0
$0
$4
,0
66
,0
00
$1
2,
52
8,
00
0
P
rio
r A
w
ar
d 
Ye
ar
 R
es
id
ua
l F
un
ds
 s
pe
nt
 
in
 C
ur
re
nt
 A
w
ar
d 
Ye
ar
$0
$0
$0
$0
$0
$0
$0
   
E
R
C
 P
ro
gr
am
$0
$0
$0
$0
$0
$0
$0
   
O
th
er
 N
SF
$0
$0
$0
$0
$0
$0
$0
   
O
th
er
 F
ed
er
al
$0
$0
$0
$0
$0
$0
$0
   
In
du
st
ry
$0
$0
$0
$0
$0
$0
$0
   
O
th
er
$0
$0
$0
$0
$0
$0
$0
 
CBiRC First Annual Report
Volume I 103
  Ta
bl
e 
10
a.
  U
ne
xp
en
de
d 
re
si
du
al
 in
 th
e 
cu
rr
en
t A
w
ar
d 
Y
ea
r a
nd
 p
ro
po
se
d 
A
w
ar
d 
Y
ea
r.*
 
 
Pr
ev
io
us
 A
w
ar
d 
Y
ea
r t
o 
C
ur
re
nt
 A
w
ar
d 
Y
ea
r 
C
ur
re
nt
 A
w
ar
d 
Y
ea
r t
o 
Pr
op
os
ed
 A
w
ar
d 
Y
ea
r 
To
ta
l U
ne
xp
en
de
d 
R
es
id
ua
l F
un
ds
 
$0
 
$0
 
C
om
m
itt
ed
, E
nc
um
be
re
d,
 O
bl
ig
at
ed
 F
un
ds
 
$0
 
$0
 
R
es
id
ua
l F
un
ds
 W
ith
ou
t S
pe
ci
fie
d 
U
se
 
$0
 
$0
 
* 
 A
s 
of
 th
e 
da
te
 o
f t
hi
s 
re
po
rt
, t
he
 C
en
te
r 
is
 n
ot
 p
la
nn
in
g 
to
 m
ov
e 
an
y 
re
si
du
al
 fu
nd
s 
at
 th
e 
en
d 
of
 th
e 
cu
rr
en
t a
w
ar
d 
ye
ar
 (8
/3
1/
09
) 
in
to
 th
e 
pr
op
os
ed
 a
w
ar
d 
ye
ar
. 
CBiRC First Annual Report
Volume I 104
  Ta
bl
e 
11
.  
M
od
es
 o
f c
as
h 
su
pp
or
t b
y 
in
du
st
ry
 a
nd
 o
th
er
 p
ra
ct
iti
on
er
 o
rg
an
iz
at
io
ns
 to
 th
e 
C
en
te
r. 
Sp
on
so
re
d
Sp
on
so
re
d
S
po
ns
or
ed
P
ro
je
ct
s
Pr
oj
ec
ts
Pr
oj
ec
ts
C
he
vr
on
 P
hi
lli
ps
 C
he
m
ic
al
 C
o.
, L
L
$5
0,
00
0
C
on
oc
oP
hi
llip
s 
C
om
pa
ny
$1
44
,8
96
G
ra
in
 P
ro
ce
ss
in
g 
C
or
po
ra
tio
n
$5
0,
00
0
Io
w
a 
B
oa
rd
 o
f R
eg
en
ts
$8
,2
00
Io
w
a 
E
ne
rg
y 
C
en
te
r
$7
,8
00
Io
w
a 
S
ta
te
 U
ni
ve
rs
ity
$6
00
,0
00
$1
20
,0
00
N
at
io
na
l S
ci
en
ce
 F
ou
nd
at
io
n 
(E
R
C
$3
,2
50
,0
00
N
at
io
na
l S
ci
en
ce
 F
ou
nd
at
io
n 
(O
t h
$4
60
,7
94
N
ov
oz
ym
es
$5
0,
00
0
PO
ET
, L
LC
$5
0,
00
0
U
. S
. D
ep
ar
tm
en
t o
f E
ne
rg
y
$4
48
,6
39
To
ta
l
$0
$0
$0
$0
$0
$0
$4
,0
50
,0
00
$1
6,
00
0
$1
,1
74
,3
29
As
so
ci
at
ed
 
Pr
oj
ec
ts
 [1
]
Fe
es
 a
nd
 
C
on
tr
ib
ut
io
ns
A
ss
oc
ia
te
d 
P
ro
je
ct
s 
[1
]
O
rg
an
iz
at
io
n
Fe
es
 a
nd
 
C
on
tr
ib
ut
io
ns
A
ss
oc
ia
te
d 
Pr
oj
ec
ts
 [1
]
Fe
es
 a
nd
 
C
on
tr
ib
ut
io
ns
 
 
CBiRC First Annual Report
Volume I 105
 CBiRC First Annual Report
Volume I 106
  
5.4. Resources and University Commitment 
While all of the institutional partners are dedicated to the success of CBiRC, Iowa State 
University has a unique role and is thus committed to providing additional resources beyond 
those from NSF and the Center’s industrial partners.  The biorenewables area is critically 
important to ISU ― the state has identified it as a top priority, which creates an ideal 
environment for CBiRC to flourish.  Also, a large biorenewables infrastructure already exists at 
ISU that CBiRC will be able to access.  Given the importance of the Center, ISU has agreed to 
provide $600,000 per year (for the initial five years) in direct funds to CBiRC for use in its 
research and educational programs as well as for its administrative costs.  In addition to this 
significant financial commitment, ISU has committed to hire five new faculty members who will 
contribute to the Center over the life of the Center.  Finally, ISU has agreed to provide 
substantial space for the Center.  Construction is well underway on the 33,000 square foot, $32 
million Biorenewables Research Laboratory (BRL) Building on the ISU campus.  The Center is 
guaranteed 1,000 square feet of office space in this new building to use as CBiRC’s 
administrative headquarters.  The Center will also have access to a conference room with high-
tech audiovisual and telecommunication capabilities.  In addition, CBiRC will have activities in 
at least 9,000 square feet of the new building through reactor, fermentation, and metabolomics 
facilities and new faculty laboratories.  This new space will provide a centralized focal point to 
complement the extensive space available in individual faculty laboratories across the Center’s 
campuses.  The timeline has CBiRC moving into the new BRL in Spring, 2010.  Construction is 
currently progressing on time, and the building is scheduled for substantial completion in 
January, 2010 (see Figure 5.4). 
Fig. 5.4.  Photo of the construction site for the BRL, the future home of CBiRC. 
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In the interim, the Office of the Executive Vice President and Provost at Iowa State 
University has provided temporary headquarters in the Laboratory of Mechanics Building on the 
ISU campus.  The offices provide contiguous space for the Center Director, Administrative 
Director and administrative support staff. 
To facilitate interactions across its partner campuses, the Center will rely heavily on the 
state-of-the-art communications capabilities available through ISU Engineering Distance 
Education, which offers a comprehensive suite of tools for enabling collaboration.  The same 
advanced communications technologies and virtual labs and classrooms developed for the 
distance education online instructional programs will be used to support the CBiRC faculty from 
all partnering institutions to enable the collaborative research and educational programs at the 
heart of the Center.  We will have bimonthly center-wide meetings that will use a web 
conferencing system to facilitate cross-campus communication.  The system employs Adobe® 
Acrobat® Connect™ and Premiere Global Services, a teleconferencing system, for recordable 
visual and audio content.  [Adobe® Acrobat® Connect™ is the next generation of web 
conferencing software that enables individuals and small businesses to instantly communicate 
and collaborate through easy-to-use, easy-to-access online personal meeting rooms.  Attendees 
can connect from any remote location using a computer equipped with compatible Internet 
browser, web camera and microphone.]  The ISU Center members will meet in one location 
during this meeting (namely, a high-tech Engineering Distance Education classroom).  We have 
already successfully initiated this meeting structure.  The individual thrusts and the leadership 
team will also meet on at least a bimonthly basis (opposite months of the center-wide meetings), 
and these groups have all successfully used the same system. 
 
Supporting a Cross-Disciplinary, Team Culture 
 
CBiRC believes that the necessary initial condition required to create a cross-disciplinary, 
team culture is to have a clear vision for the center, so that center members can clearly see where 
their efforts fit.  However, having a clear vision is not sufficient to productively engage faculty 
and students who are members of the center.  The productive engagement of center members 
comes from agreement on the vision for the center.  The development of CBiRC began with the 
vision, so faculty who were invited to participate knew what the center was trying to accomplish.  
In this way, the faculty members that agreed to join the center were necessarily agreeing to the 
guiding vision.  With the establishment of the vision and appropriate membership, the objective 
has turned to developing an effective team culture. 
The seamless flow of information across the CBiRC members, faculty and students, is 
critically important for fostering a cross-disciplinary, team culture.  Key components of creating 
this information flow are establishing formal mechanisms as well as the informal mechanisms 
that will facilitate it.  The formal mechanisms have largely been discussed above and include 
membership and confidentiality agreements, regular meetings of the CBiRC membership at 
semiannual site meetings and bimonthly Adobe Connect meetings, regular thrust-specific 
meetings using Adobe Connect, cross-disciplinary expertise residing in all of the research 
thrusts, and a management structure that engages faculty from across the membership 
institutions. While these formal mechanisms provide a framework for information sharing, the 
informal mechanisms will be required for the information to be effective. 
The most effective informal mechanism for information sharing will be through the students 
who are performing the research.  We have intentionally invited faculty with complementary 
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expertise and capabilities to participate in CBiRC. Unlike a single investigator grant in which the 
student primarily works in the major professor’s laboratory, CBiRC students will have access to 
the expertise and laboratory capabilities residing with the entire CBiRC faculty.  Therefore, the 
project constraints for the students will move from making use of what resides in their individual 
laboratory to their creativity in utilizing the full expertise and capability across CBiRC.  The 
reward for the CBiRC students as well as faculty is the opportunity to do research that would not 
be possible without CBiRC.   
Another path for student or student team recognition as well as project initiation will be the 
Director’s Challenge.  This idea will be initiated within Thrust 3 to develop the process.  In the 
Director’s Challenge, a target chemical product will be posed to the CBiRC graduate students 
and postdoctoral researchers, who will have 60 days to propose a path for its production.  The 
pathways proposed by the students will be discussed during the thrust meeting and the most 
promising concept(s) encouraged for further development.  If a production concept proves to be 
particularly promising, funds will be provided to initiate a new project.  The Director’s 
Challenge plays the dual role of initiating new projects and engaging students in innovation 
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5.5. Evaluation and Assessment 
 
The evaluation of CBiRC will be based on the center’s goals and objectives within the 
research thrusts and goal areas for education, industrial collaboration and innovation, and 
diversity.  Strategic plans submitted by these areas will inform the evaluation.  The evaluation 
will be conducted by the Research Institute for Studies in Education (RISE) at Iowa State 
University and supported by the Center for Excellence in Learning and Teaching (CELT) at Iowa 
State University. 
The CIPP model is used to guide the evaluation (Stufflebeam, 20031).  The model’s core 
concepts are denoted by the acronym CIPP, which stands for contexts, inputs, processes, and 
products.  The CIPP model is a comprehensive evaluation framework for guiding formative and 
summative evaluation activities.  It is widely used in the context of research, education, and 
outreach program evaluation.  It provides both a systematic and systemic way of examining 
various aspects of project implementation.  The table below provides key aspects of CBiRC 
programming within the CIPP evaluation components. 
 
Table 5.5.  Evaluation model — CIPP (Context, Input, Process, and Product). 
Context Input Process Product 
Partnership  
National 
International in 
scope 
(partners include 
universities, schools, 
and industry) 
 
Innovation 
 
Organizational factors 
and change 
 
Diversity 
 
Interdisciplinary/trans-
disciplinary 
research/education/ 
outreach 
University faculty  
 
Undergraduate and 
graduate students 
 
School partners and 6-
12th grade teachers 
and students 
 
Industry members and 
partners  
 
University partners 
 
Minority faculty and 
student recruitment 
Curriculum 
development 
 
Mentoring 
 
Partnership 
 
Project management 
 
Accountability 
 
Capacity building 
Deliverables 
 
Educational 
modules/ 
curriculum 
 
Student learning 
 
Interdisciplinary 
graduate minor 
 
Stimulating 
entrepreneurship 
 
Research findings 
 
Extramural funding 
 
Sustainability 
 
The evaluation provides formative and summative information through stakeholder feedback 
and review of project records.  A broad mix of evaluation tools will be employed, including pre- 
and post-content based tests, participant surveys, interviews, focus groups, longitudinal tracking, 
performance-based evaluation of project activities, and external evaluations.  Key data sources 
include project records, project directors and research leaders, students, faculty, teachers, 
industrial members and partners, and advisors. 
                                                          
1 Stufflebeam, D. L. (2003).  The CIPP Model for Evaluation.  Paper presented at the 2003 Annual 
Conference of Oregon Program Evaluators Network, Portland. 
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The primary focus of the evaluation is on activities related to the pre-college, university, and 
international educational programs, industrial collaboration and innovation, and diversity.  The 
evaluation will also examine essential elements of Center operation, research, partnerships, and 
sustainability.  The evaluation will not attempt to evaluate the quality of research efforts in the 
three research thrust areas.  It is assumed that acceptance for publication, presentation, or patent 
application represents sufficient evidence of project research goal attainment. 
Evaluation deliverables will include annual evaluation reports, interim evaluation reports, 
and survey, interview, and focus group protocol.  Timelines for submission of materials and 
reports will be determined by conduct of evaluation activities and Center and Federal reporting 
guidelines. 
An evaluation plan and timeline for the first year of Center operation are included as Tables 
5.5a and 5.5b, respectively.  It is expected that these activities will be conducted annually based 
on project implementation.  The evaluation team will meet with each project director to 
determine specific evaluation objectives, questions, activities, and timelines related to their 
strategic plans and milestones.  The evaluation plan is meant to be flexible and responsive to 
changes in project activities and direction and will be reviewed annually to address emerging 
needs. 
 
Progress to Date 
 
As part of CBiRC’s process evaluation, six semi-structured interviews were conducted with 
key personnel at ISU. The members interviewed included leaders for the university education 
program, pre-college education program, diversity program, industrial collaboration and 
innovation program, and the administrative director and Center director. The interviews were 
conducted during the last week of February and first week of March 2009. The purpose of the 
interviews was to learn about the members’ (a) experiences with the Center, (b) perspectives 
about accomplishments made during the first six months, and (c) plans for the remaining six 
month of this first year implementation. The questions that guided the interviews focused on 
goals, activities, plans, and interactions among the members of the leadership team. A summary 
of the information gained during the interviews follows. 
The program leaders use the Center’s strategic plan to guide planning, development, and 
implementation of the program-specific and Center wide activities. The Center and program-
specific goals and activities are planned and developed in line with the Center’s mission of 
“transforming the chemical industry toward a sustainable future,” with research and education 
comprising the main goals. Industrial collaboration and innovation and diversity programs 
provide support necessary to “make the Center more effective” in accomplishing its main goals. 
The diversity program is seen as a key area in strengthening the Center’s educational programs. 
Further, the Center’s university and pre-college education programs and diversity program are 
considered as complementing and depending on one another. These programs and the industrial 
collaboration and innovation program are also entwined with the Center’s research thrust areas. 
The Center’s educational, diversity, and industry partnership programs “rely heavily” on the 
research thrust areas. 
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In the views of the members interviewed, CBiRC is a team-based and innovative initiative 
that offers a wealth of collaborative opportunities in the areas of science (i.e., trans-disciplinary 
research), technology, pre-college and university education, advanced training, mentorship, and 
professional development. It also serves as the catalyst for bridging scientific, educational (i.e., 
pre-college and university educational systems), and research and development domains of 
inquiry and practice that could increase potential for more improved and advanced outcomes. 
The Center represents a synergy of diverse perspectives; ‘the sum that is greater than the whole.’ 
To be successful in accomplishing its main research and education goals, CBiRC “relies on 
faculty commitment.” Having the capacity to attract excellent researchers is paramount. The 
Center is seen to provide faculty with a multitude of opportunities to (a) expand their existing 
research efforts, (b) collaborate with other faculty to address bigger research issues and 
contribute to the development of technology toward a more sustainable future, (c) have access to 
a variety of research equipment and facilities, (d) reach a broader audience in communicating 
and disseminating the research results, (e) engage the students in research, and (f) recruit the top 
students. The Center-faculty relationship is reciprocal. 
CBiRC is considered as a prestige award within the academic (i.e., research, education, and 
outreach) community. The Center contributes to its members’ professional growth and 
development. It brings a sense of community. The Center provides security, stability, and more 
quality time for the faculty to focus on and fully engage with research, teaching, and mentoring 
students. Further, being associated with the Center allows the members to bring additional 
funding to expand their programmatic activities, i.e., the Center serves as a means to leverage 
resources. For example, additional funding was received from the Iowa Energy Center and the 
Iowa Math and Science Education Partnerships (through the Board of Regents) to provide 
supplementary support to work with teacher participants in the pre-college educational program. 
CBiRC is valued for its prospects to deepen the educational mission of the university and 
expand learning and career path opportunities for the students. The Center is viewed as “the 
space” for the students to express and explore. It provides the students with “unique educational 
opportunities.” The students have the chance to (a) network with other students and faculty in 
interdisciplinary research and educational settings at their own institutions and other schools and 
(b) have access to international experiences and industry-based internships. Overall, the Center 
allows students to see and appreciate the ways in which their learning and research might fit into 
“a bigger picture.”  
For the industrial partners, CBiRC provides access to the research and offers the 
opportunities to collaborate directly with the university researchers and students. As a result of 
this interaction, the industrial partners have the chance to recruit students associated with the 
Center. Further, the industrial partners have the possibility to influence the Center’s direction, 
including the prospect to network with other companies. At these earlier stages of the Center’s 
development, the industrial member companies are primarily focusing on research and 
technology advancements. As the Center progresses, the industrial partners will potentially 
become more involved with the educational programs.  
Further, it is anticipated that middle and high school science teachers who participate in the 
CBiRC programs will grow professionally and advance their teaching of the science content, 
ultimately impacting their students’ learning about and interest in math and science. Overall, the 
Center is seen to have promising outcomes for its beneficiaries. The Center’s beneficiaries 
include partner institutions, industry partners, middle and high school teachers and their students 
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in Des Moines schools, and university faculty and students, including those in the minority-
serving educational institutions. 
The essence of CBiRC is a team effort. The Center has brought together “an outstanding 
group of scientists and support staff.” The members are committed to the Center; its mission and 
prospects for research advancement, technological innovation, educational opportunities, 
diversity, and partnership to train a new generation of engineers and scientists and facilitate a 
paradigm change in the industrial chemical industry. The first-year implementation is a critical 
phase for ensuring that all essential elements of the Center’s integrative infrastructure are in 
place and operating.  
The members’ feeling of being important and valued is critical. The Center’s leaders who 
were interviewed are ready, actively engaged in the Center, and eager to get their activities off 
the ground during this first year of implementation. They consider the Center’s success as their 
success. Strong emphasis is placed on strategies that will support (a) building sustaining 
relationships within the diverse members of the CBiRC team and with the members of outside 
communities (e.g., industry, K-12 schools, colleges and universities including the ones serving 
minority groups of the population) and (b) devoting quality time to building a strong foundation 
and getting the programs’ activities done “right” from the start. A stronger commitment to and 
passion for integrating diversity into the Center’s activities by the CBiRC leadership is vital. 
Contributing approaches to this process include holding the leadership team meetings more 
frequently (e.g., weekly) at the Center’s launch stage to “get everyone on the same page”, having 
more face-to-face conversations and dialogues, sharing views openly, obtaining constructive 
feedback from the team members, valuing time to plan programs thoroughly, articulating 
expectations openly, learning to balance various commitments while thriving to achieve the 
CBiRC goals, and being willing to deal with ambiguity, uncertainty, and risk-taking. The view of 
CBiRC as an open forum by the members facilitates these types of interactions. 
CBiRC’s ability to nurture and foster complex dynamics of relationships among the research 
thrusts, educational programs, diversity program, and industrial collaboration and innovation 
program is critical to the Center’s success. This ability resides in a collective effort grounded on 
reciprocity. “Working with a great leadership team” is valued by the participants. Such attributes 
as the CBiRC team’s cohesiveness and inclusiveness, knowing what other leadership team 
members are doing, and standing behind each other are seen as critical. The CBiRC members are 
looking forward to learning from one another and better supporting each another. Open channels 
of communication that provide opportunities for a ‘feedback loop’ is essential. The Center 
director’s personal leadership style ― willingness to listen, responsiveness to the member’s 
needs (e.g., being accessible), knowledge of the science content, and engagement in the Center’s 
day-to-day operation (i.e., contextual knowledge) ― is valued and acknowledged as contributing 
to the Center’s collaborative processes. 
The majority of activities during the Center’s first six months were associated with building 
the Center’s infrastructure ―  hiring administrative and program-related support personnel; 
purchasing research equipment; recruiting potential participants into the programs; developing, 
finalizing, and signing contractual arrangements with the participants and other partners; and 
planning, designing, and advertising the programmatic activities. The remaining six months of 
the Center’s first-year implementation are considered as the most critical in further building the 
sustaining foundation of the Center’s infrastructure. The efforts will be devoted to (a) 
strengthening partnership with the Des Moines public schools, (b) implementing pre-college and 
university educational programs (RET, REU), (c) integrating diversity initiatives into educational 
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and research programs, (d) developing assessment and evaluation instruments, (e) piloting an 
internship program with a start-up company, (e) developing and approving the interdepartmental 
graduate minor, (f) examining opportunities for increasing the number of member companies in 
CBiRC, (g) engaging and inviting the start-up companies to become CBiRC members, 
(h) getting more students participating in the Center’s research and labs, (i) further developing 
the Center’s infrastructure, and (j) making continuous improvements in the Center’s database 
and reporting capacity. 
Challenges during the first six months were associated with the overall economic situation in 
the country that impacted the recruitment of industrial partners due to industry-wide downsizing, 
cuts in funding for R&D, and bankruptcy. It is anticipated that the Center’s ability to maintain 
the established relationships with industrial partners may be affected by the continued downfall 
of the economy. With respect to the pre-secondary educational program, the biggest challenge 
was to recruit middle and high school teachers to participate in the summer academy and RET. 
Facilitating communication among a diverse group of the Center’s members from different 
institutions and locations was acknowledged as a challenge. Other challenges mentioned 
included (a) “finding the way to get the faculty to buy into the Center’s vision,” especially as it 
related to the faculty off campus, (b) making diversity an integral part of the Center’s research 
activities, (c) raising awareness about the Center, (d) developing an efficient reporting system, 
and (e) time required for data collection and reporting. 
The participants mentioned the following accomplishments in their specific areas of Center 
operation, which were made during the first six months of the first-year implementation. 
 
Industrial partnership and innovation program: 
• Developing and finalizing membership agreements and developing confidentiality 
agreements with member schools and companies, including start-up company agreements. 
• Identifying partners and signing membership agreements with industry. 
• Exploring options for start-up company participation as CBiRC members. 
• Developing and implementing the SWOT analysis with industry partners. 
 
Pre-secondary education program: 
• Establishing a strong relationship with Des Moines Public School administration and select 
science teachers. 
• Recruiting master teachers who will work with the RET and Summer Academy participants. 
• Developing training materials for teachers who will participate in the RET and Summer 
Academy. 
• Recruiting seven DSM high school science teachers (only 6 will participate in the CBiRC 
RET; the seventh teacher will be on campus participating in another RET program, but will 
join the DSM teachers for all programmatic events). 
• Recruiting four DSM middle school science teachers, one middle school science teacher 
from Bondurant School District (central IA) and one middle school science teacher who 
works as a science consultant for Heartland AEA (Area Education Agency 11). Heartland 
AEA partnered with CBiRC on the original proposal that was submitted to NSF. 
 
University education program: 
• Organizing, advertising, and completing applications for the REU. 
• Establishing a program coordinating committee for the interdepartmental graduate minor. 
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Diversity: 
• Presenting opportunity for the CBiRC members to serve as faculty advisors for the Society of 
Women Engineers. 
• Discussing potential connections and networks for CBiRC with different groups and 
programs to engage underrepresented students in research. 
 
Center-Wide: 
• “Getting the Center launched” and moving forward. 
• Putting a strong team together. 
• Maintaining open communication among members. 
• Facilitating leadership team meetings. 
• Fostering collaborative projects among faculty. 
• Having university students involved with the center. 
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Budget Justification 
 
The following information is provided in explanation of the Summary Proposal Budget (NSF 
Form 1030); specifically, those costs that will be supported with NSF ERC base funding.  All 
growth requested in the budget is within the traditional growth trajectory for ERC’s ― which 
projects increases in base support of $250,000 per year up to the fourth year, at which time, 
funding flattens at $4.0 million ― and allows for 3% inflation in salary, fringe benefit, travel, 
and other direct costs. 
 
A.  Senior Personnel 
 
Salary support is requested for members of the Center’s Leadership Team and affiliated 
faculty.  NSF-funded person-months and requested amounts are listed in the table below.  
[NOTE:  Salaries of the Director, Deputy Director, members of the Leadership Team and other 
senior personnel are also being supported by ISU as part of its institutional cost sharing and/or 
by industry through the Center’s member program; these salary amounts are not itemized here.] 
 
Name Univ. Title Cal Acad Sumr Requested Amt
Robert P. Anex Assoc. Professor 1.0 $11,907
Thomas A. Bobik Assoc. Professor 1.0 $10,104
Julie A. Dickerson Assoc. Professor 0.8 $9,888
Laura R. Jarboe Asst. Professor 1.0 $9,384
Adah Leshem-Ackerman Program Manager 2.0  $12,154
Tonia McCarley Asst. Director 8.0  $44,496
Basil J. Nikolau Professor 0.5  $7,975
David J. Oliver Assoc. Dean/Professor 1.0 $14,875
D. Raj Raman Assoc. Professor 1.0  $11,560
Peter J. Reilly Distg. Professor 0.5 $8,701
Eve S. Wurtele Professor 1.0 $15,072
Total  10.0 1.5 6.3 $156,116
 
B.  Other Personnel 
 
NSF funds will also help support the salaries of 4 postdocs, 5 other professionals (including 
scientific and Center administrative staff), 17 graduate research assistants, and 4 undergraduate 
students.  While ordinarily included as part of the F&A cost pool for colleges and universities, 
administrative salaries are requested as direct costs because this project requires an extensive 
amount of coordination with the Center’s university and industry partners; data collection and 
management; cost and subrecipient monitoring; technical and programmatic reporting; etc.  
Salary support is also requested for a “master teacher” as part of the pre-college education 
program’s annual summer academy.  [NOTE:  Salaries of other personnel are also being 
supported by ISU as part of its institutional cost sharing and/or by industry through the Center’s 
member program.] 
For university faculty and staff, labor costs are projected on the basis of actual monthly 
salaries for the fiscal year ending 6/30/09.  Labor costs for graduate students are based on 
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average monthly stipends paid by the participating academic departments at ISU to half-time, 
PhD-seeking graduate research assistants.  Labor costs for undergraduate students are based on 
average hourly wages paid to engineering students in their sophomore or junior year of study 
(typically $8 to $10 per hour).  The “master teacher” candidate, a high school teacher, will be 
paid $32.20 per hour for 160 summer hours (4 weeks). 
 
C.  Fringe Benefits 
 
At Iowa State University, fringe benefits are specifically identified to each employee and are 
charged individually as direct costs.  These costs are budgeted as a percentage of an individual’s 
salary based on his/her labor category.  Current rates for applicable labor categories are: 
Faculty 27.2% 
Postdocs 23.0% 
Professional & Scientific 33.3% 
Graduate Assistants 13.2% 
Undergraduate Student Hourlies 4.6% 
Other (Master Teacher) 12.0% 
 
E.  Travel 
 
Domestic (including Canada and U.S. possessions) 
Travel funds are requested for faculty investigators to present research results at national 
technical meetings.  Because the sites of these meetings are unknown at the time of report 
submission, destinations and individual trip costs are difficult to itemize.  Additional travel funds 
are budgeted for SLC, IAB, SAB and center-wide working meetings (two each, including the 
annual site visit) and trips by members of the Center’s Leadership Team to the ERC annual 
meeting and/or EEC awardees conference in Washington, DC.  Estimated expenses for all 
domestic trips include airfare, lodging, surface transportation, meals, and other miscellaneous 
expenses including registration fees, if applicable.  Airfare, rates for lodging, and shuttle fares 
are estimates based on past trips of a similar nature.  All other travel expenses are reimbursable 
based on actual costs, including meals, which are subject to the University’s standard daily 
allowances (per diem).  For employee out-of-state travel, the daily maximum is $40 (Breakfast - 
$8; Lunch - $12; and Dinner - $20).  Mileage for personal vehicles is reimbursed at the standard 
rate of $0.55 per mile for round trips of less than 100 miles, and $0.285 per mile for round trips 
of greater than 100 miles. 
 
Foreign 
Foreign travel for meetings with faculty at the Center’s foreign partner institutions and/or for 
international student exchanges/study abroad programs will be budgeted on NSF PIRE and other 
associated project funds through the faculty members’ home departments, at least for the 
Center’s second award year. 
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F.  Participant Support Costs 
 
To augment undergraduate participation in the ERC’s research and (university) education 
programs, the base budget includes a Research Experience for Undergraduates (REU) site, as 
well as a Research Experience for Teachers (RET) site to support middle and high school 
teachers and G6-12 learning at the ERC’s pre-college partner institutions.  As required, more 
than $42,000 is budgeted (in direct costs) for each of these programs. 
 
Line-Item 
REU Program
(12 students @ 10 wks)
RET Program 
(5 RET; 8 Sum Acad) Total
Stipends $50,400 $55,275 $105,675
Travel $9,900 $8,060 $17,960
Subsistence $26,400 $0 $26,400
Other (Materials) $10,700 $7,846 $18,546
Total Participant Costs $97,400 $71,181 $168,581
 
G.  Other Direct Costs 
 
Materials and Supplies 
Funds are requested for the purchase of research and laboratory supplies that are necessary 
and essential for completion of tasks as proposed.  These include chemicals and reagents; 
samples and sample preparation/analysis; glassware and containers (including cylinders and 
compressed gases); calibration standards and expendable equipment for laboratory experiments 
and chemical analyses (e.g., reactors; pumps, valves, and fittings; flow meters; temperature 
controllers; etc.); and hardware, plumbing and electrical supplies for modification of 
experimental apparata.  Cost estimates for these materials are based on the investigators’ prior 
experience with projects of similar scope and complexity. 
 
Publication Costs 
Publication of research results in scientific, peer-reviewed journals is important to 
maintaining the credibility of any research program and is an expected output of all ERC’s.  
Consequently, funds are requested for publication costs.  Cost estimates include page charges for 
manuscripts and/or reprints in scientific journals, necessary illustrations, and other publication 
and graphics charges. 
 
Subawards 
As described in Section 5 of the report, CBiRC is configured as a multi-university 
partnership.  Accordingly, funds will once again be allocated to the Center’s five core partner 
institutions and two collaborating institutions.  Since none of these approved subawardees will 
receive significantly more or less next year (rather, a 3% inflation factor is applied), individual, 
itemized subaward budgets are not required.  Funds will therefore be allocated according to 
prior-approved budgets, as shown in the following table. 
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Subawardee Budget Amount
Core Partner Institutions: 
University of California – Irvine $224,385
University of New Mexico $147,125
University of Virginia $294,250
University of Wisconsin – Madison $147,125
W. M. Rice University $304,575
Collaborating Institutions: 
Salk Institute for Biological Studies $171,659
University of Michigan $171,660
Total Subawards $1,460,779
 
Other 
 
Graduate Student Tuition 
At ISU, College of Engineering policy requires investigators to budget in all applications for 
sponsored research, when and where allowable, a minimum 50% of tuition for each M.S. 
candidate and 100% for each Ph.D. candidate.  For purposes of this request, a full 12 months of 
tuition (Fall, Spring and Summer terms) has been applied for each Master’s and Doctoral student 
working on and paid from Center-controlled projects. 
 
Services 
Included here are craft and machine shop service fees for fabrication/assembly of the 
experimental apparata; fees for analytical services and laboratory analyses; and other general 
operating expenses, e.g., IT/computer and network services, communications and marketing 
services, printing and copy services, postal and parcel, etc.  At Iowa State, in-house service and 
facility user fees are based on established, university-approved rates (in most cases, hourly or 
daily rates) or are charged on a per-unit or per-sample basis, depending on the type and extent of 
service performed. 
 
I.  Indirect Costs 
 
The pre-determined, DHHS-approved indirect cost rate in effect at the time of award ― 
namely, 46.5% for organized, on-campus research ― continues to apply.  This rate is applied to 
Modified Total Direct Costs (MTDC), which consists of all salaries and wages, fringe benefits, 
materials, supplies, services, travel, and the first $25,000 of each subaward or subcontract 
(regardless of the period covered by the agreement).  MTDC excludes equipment, capital 
expenditures, charges for patient care, tuition remission, rental costs of off-site facilities, 
scholarships and fellowships, as well as the portion of each subaward or subcontract in excess of 
$25,000.  [NOTE:  Pursuant to the NSF Proposal and Award Policies and Procedures Guide 
(NSF 09-1), indirect costs are generally not allowed on participant support costs.  However, 
special instructions for treatment of participant support costs for REU and RET programs state 
that indirect costs are allowable, but on stipends only, and at the predetermined rate of 25%.] 
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M.  Cost Sharing 
 
As referenced in the Cooperative Agreement, and as a condition of award, Iowa State 
University agrees to provide cost sharing in the amount of $600,000 per year for a five-year total 
of $3,000,000.  No Federal funds will be used to meet the University’s cost sharing obligation.  
Further, the amount of cost sharing will be documented on an annual and final basis and certified 
by the University’s AOR through FastLane. 
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APPENDIX I.  GLOSSARY OF ACRONYMS 
 
Provided below is a list of acronyms used in the annual report and their associated meanings. 
 
Symbol Definition/Meaning 
2-D DIGE  2-D Fluorescence Difference Gel Electrophoresis  
AACT Acetoacetyl-CoA Synthetases 
ACC Acetyl-CoA Carboxylase 
AcCbx Acyl-CoA Carboxylases 
ACP Acyl Carrier Protein 
ACS Acetyl-CoA/Propionyl-CoA Synthetases 
AEA Area Education Agency 
BRL Biorenewables Research Laboratory 
CAZy Carbohydrate Active EnZyme database 
CBiRC NSF Engineering Research Center for Biorenewable Chemicals 
CELT Center for Excellence in Learning and Teaching 
CIPP Context, Input, Process, and Product 
CoASH Cofactor Coenzyme A 
DHMTHF Dihydroxymethyltetrahydrofuran 
DMF Dimethylfuran 
DSMPSD Des Moines Public School District 
DTU Technical University of Denmark 
ERC Engineering Research Center 
FAS Fatty Acid Synthase 
FOSS Full Options Science Systems 
HMF 5-hydroxymethyl-2-furfural  
HMTHP 2-(hydroxymethyl)tetrahydropyran 
IAB Industrial Advisory Board 
IP Intellectual Property 
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ISU Iowa State University 
KAS III 3-ketoacyl synthetase III 
KS Ketosynthase 
LCA Life Cycle Analysis (or Assessment) 
MFA Metabolic Flux Analysis 
MKS Methylketone Synthase 
MSI Minority Serving Institution 
NOBCChE National Organization for Black Chemists and Chemical Engineers 
NSF National Science Foundation 
NSTA National Science Teacher Association 
PCR Polymerase Chain Reaction 
PIRE Partnership in International Research and Education 
PKS Polyketide Synthase 
RET Research Experience for Teachers 
REU Research Experience for Undergraduates 
RISE Research Institute for Studies in Education 
SAB Scientific Advisory Board 
SELEX High Throughput Strategies based on Evolutionary Methods 
SIMKS2 Methylketone Synthase Gene 
SLC Student Leadership Council 
SWOT Strengths, Weaknesses, Opportunities, Threats 
TE Thioesterase 
UCI University of California - Irvine 
UNM University of New Mexico 
VEC Virtual Education Center 
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Iowa State University 
 
Center for Biorenewable Chemicals (CBiRC) 
 
 Membership Agreement 
 
 
This Agreement is made _______________ (“Effective Date”) by and among Iowa State University 
of Science and Technology (“ISU”) located at 1138 Pearson Hall, Ames, IA 50011-2207 through its 
Center for Biorenewable Chemicals (hereinafter called “CBiRC”), each company that is a signatory 
hereto (“Member”), and the Cooperators defined below. ISU, Member, and Cooperators together 
are the “Parties” and ISU, each Member, and each Cooperator are each a “Party”. 
 
WHEREAS, ISU is the recipient of funding from the National Science Foundation (“NSF”) and has 
joined together with committed subrecipient entities including the University of New Mexico, the 
The Rector and Visitors of the University of Virginia, the University of California-Irvine, University 
of Wisconsin-Madison, and Rice University (individually a “Cooperator”; in any combination 
“Cooperators”) to establish the Center for Biorenewable Chemicals (“CBiRC”), an NSF Engineering 
Research Center (“NSF ERC”), at ISU for the purpose of developing a platform to produce 
commodity and specialty chemicals from renewable carbon; and 
 
WHEREAS, ISU, Member, and Cooperators desire to participate in certain CBiRC activities; 
 
NOW, THEREFORE, ISU, Member, and Cooperators hereby agree to the following terms and 
conditions. 
 
 
1. CBiRC 
The CBiRC shall be financially supported by NSF and by Members, and shall be implemented, 
managed, and administered by designated faculty and staff at ISU and within CBiRC. At the sole 
discretion of the CBiRC technical project team, any organization may become a member of CBiRC, 
and additional Cooperators and Members may be added at any time.  
 
The CBiRC shall have an Industrial Advisory Board (the “IAB”) composed of one representative 
from each Member. The function of the IAB shall be to provide advice to the CBiRC consistent 
with the aims of the NSF ERC program, including guidance on strategic direction, research 
activities, education programs and technology transfer efforts. The meeting logistics and other 
operating procedures of the IAB shall be determined outside of this Agreement.  
 
 
2. Membership 
The status of Membership of a Member in the CBiRC shall become effective upon a single payment 
in the amount of $50,000 which shall be made within thirty (30) days after the execution of this 
Agreement. This Agreement shall be the invoice for the first year of Membership. Member shall 
have the right to renew Membership on an annual basis thereafter within thirty days (30) of 
Effective Date of each subsequent year or receipt of invoice by ISU, whichever is later. Payment 
shall be sent by Member to Sponsored Programs Accounting Office, 3609 Admin. Services Building, 
Iowa State University, Ames, Iowa 50011-3609 and made payable to ISU (stub should state “CBiRC 
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Membership”). Membership shall expire if renewal payment(s) is not made in accordance with this 
Article 2. Member may terminate the Agreement by giving ninety (90) days written notice of such 
termination. Dues paid or accrued prior to termination will not be refunded. Membership shall 
entitle each Member to the rights expressly set forth in this Agreement, including but not limited to, 
representation of the Member on the IAB as set forth in Article 1 and the rights set forth in Article 
3.  Membership for businesses meeting the IRS definition of “small business” shall be in the amount 
of $25,000, or a minimum of $10,000 with other considerations to be negotiated on a case-by-case 
basis. 
 
 
3. Publication and Intellectual Property 
The Parties acknowledge and agree that the goals of the CBiRC may be met by both public 
disclosure of results of CBiRC project activities (“Results”) and by protection of patentable subject 
matter arising or resulting from CBirC project activities (“Inventions”). Notwithstanding anything to 
the contrary in this Agreement, ISU and/or Cooperators shall have the unrestricted right to publicly 
disclose the results developed under this Agreement. With consideration of the advice and guidance 
of the IAB, ISU and Cooperators shall reasonably endeavor to balance the timely publication of 
results with the need to seek protection for Inventions. The Parties shall implement a confidentiality 
agreement promptly upon execution of this Agreement, and shall implement other agreements or 
procedures as needed, to facilitate timely review of Results for patentability and for prevention of 
patent bars caused by premature disclosures. 
 
All Inventions created by an investigator(s) of ISU and/or Cooperators under CBiRC projects shall 
vest with the employer or designated assignee of such investigator(s).  Inventorship shall be 
determined in accordance with U.S. law. Prosecution and licensing of Inventions shall be conducted 
by the Cooperator with which an inventor is associated, or such Cooperator’s designee. In the case 
of joint Inventions by investigators of different institutions, an inter-institutional agreement will be 
reached – with terms and conditions consistent with this Agreement – regarding the management of 
such joint Inventions and the sharing of value therein.  
 
Subject to the terms and conditions of this Agreement, Member shall have a non-exclusive, non-
commercial, royalty-free license under ISU and/or Cooperator(s) Inventions or joint Inventions  
created  during the time that Member is in paid-up status under this Agreement to use such 
Inventions for internal research and non-commercial use. Such license shall not include the right to 
make, use, or sell products or processes for commercial purposes or to sublicense. Subject to the 
terms and conditions of this Agreement, Member shall also have a right to negotiate a commercial, 
royalty-bearing license to make, use, and sell products and processes under such Inventions. This 
first right to negotiate shall extend for one hundred twenty (120) days after disclosure of the 
Invention to Member by ISU and/or Cooperator(s). If more than one member of CBiRC requests a 
license within the same field of use, only a fee and/or royalty bearing, non-exclusive license shall be 
available for that field. If only one Member desires a license in a field of use, such Member shall 
have the right to negotiate for a fee and/or royalty bearing exclusive license in such field of use. 
Such licenses shall be consistent with industry standards and the objectives and mission of the 
CBirC. The technology will not be licensed outside of the Members for a period of one hundred 
eighty (180) days after disclosure of the Invention to Member by ISU and/or Cooperator(s).  
 
At the end of such period of one hundred eighty (180) days, ISU and/or Cooperators shall have the 
right to grant licenses to non-Member third parties. For any licenses granted to non-Member third 
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parties, ISU and/or Cooperators shall make reasonable efforts in good faith to ensure that the terms 
and conditions of such licenses shall be on terms no more favorable than terms and conditions 
offered to Members for similar licenses.  
 
The granting of fee and/or royalty bearing licenses to Member herein shall be subject to any third 
party rights or restrictions and to the payment of patent costs by Member. Member shall pay to the 
institution prosecuting the relevant Invention(s) its proportional share, divided equitably among 
licensees, of patent costs of the Invention(s) for which Member has elected to take a license.  
 
EXCEPT AS OTHERWISE MAY BE EXPRESSLY SET FORTH IN THIS AGREEMENT, 
INVENTIONS ARE LICENSED “AS IS” WITHOUT ANY EXPRESS OR IMPLIED 
WARRANTIES WHATSOEVER.  ISU AND COOPERATORS MAKE NO 
REPRESENTATION, NOR EXTEND ANY WARRANTIES OF ANY KIND, EITHER 
EXPRESS OR IMPLIED, AND ASSUME NO RESPONSIBILITY WHATSOEVER WITH 
RESPECT TO USE, SALE, OR OTHER DISPOSITION BY MEMBER OR ITS VENDEES OR 
OTHER TRANSFEREES OF PRODUCTS INCORPORATING OR MADE BY USE OF 
INVENTIONS  LICENSED UNDER THIS AGREEMENT. 
 
 
4. Copyright 
Copyrightable materials created while working on CBiRC projects shall be owned and controlled by  
the author of such materials or his/her designee and/or the applicable institutional policies of 
Members, Cooperators, or ISU. 
 
 
5. Use of Names 
Except as required by law, no Party to this agreement will use the name or logo of the other Party in 
any press release, advertising, or promotional material without the specific prior written permission 
of other such Party.  
 
6. Notices 
Any notices required or permitted to be given hereunder will be in English and will be in writing 
delivered by first class mail or facsimile to the following: 
 
Iowa State University 
Matthew Bailey 
Director of Industry Initiatives 
15 Pearson Hall 
Ames, IA  50010 
515 294 5535 
mabailey@iastate.edu 
 
 
7. Independent Parties 
For purposes of this Agreement, ISU, Cooperators, and Member shall be independent contractors, 
and none shall at any time be considered an agent or an employee of the other. No joint venture, 
partnership or like relationship is created between any of ISU, the Cooperators, or Member by this 
Agreement. 
CBiRC First Annual Report
Volume I 135
8. Indemnification 
l\Iember shall indemnify, defend and hold Cooperators and ISC, including each of their trustees, 
members, officers, directors, emploYees, students, affiliates, im-entors, and authors, harmless against 
any and all claims, proceedings, demands, liabilities, and expenses, including legal expenses and 
reasonable attorneys fees, arising out of the death of or injury to an~- person or persons or out of any 
damage to property and against any other claim, proceeding, demand, expense and liability of any 
kind resulting from Member's actiyities under this _\greement, use of results of this .\greement. 
and/or the production, manufacture, sale, usc, lease, consumption or adyertisement of products of 
l\Iember and/or its affiliates arising from any license right oL\Iember hereunder. 
9. Entire Agreement 
This Agreement sets forth the entire understanding among the Parties with respect to the subject 
matter hereto and supersedes all preyious agreements written or othenyise. This"\greemcnt may be 
amended only in writing by an authorized signatory on behalf of the Parties. 
This. \greement may be executed in any number of counterparts, including facsimile or scanned 
PDF documents. Each such counterpart, facsin"lile or scanned PDr: document shall be deemed an 
original instrument, and all of \Yhich, together, shall constitute one and the same executed 
~\greement. 
Iowa State University 
Agreed by 
-~-,.~ ~ / \ Ij ?/CJS} 
Name: Brent Shanks Date 
Title: Professor and Director, CBiRC 
APpro.ved bY~...,:d- / /
---'-~~'#-I=-' /I jJ';jJ()) itViV-",~=--'--=-~-ti~-----_/ 
Name: ""Iatthew Bailey Date 
Title: Director of Industn' InitiatiYes 
Note: \V'e will prepare a separate SIgnature page for each Cooperator and I\Iember. 
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Member: Grain Processing Corporation 
Approved by 
__-----'>...;~"---'c II ~y~~." -'Vv'I4t4-=--t-----/ b~c 
Name: Frank W. Barresi Date 12/1/08 
Title: Senior V. P. Research & Development 
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Iowa State University 
 
Center for Biorenewable Chemicals (CBiRC) 
 
 Membership Agreement for Start-Up Companies 
 
 
This Agreement is made _______________ (“Effective Date”) by and among Iowa State University 
of Science and Technology (“ISU”) located at 1138 Pearson Hall, Ames, IA 50011-2207 through its 
Center for Biorenewable Chemicals (hereinafter called “CBiRC”), each company that is a signatory 
hereto (“Member”), and the Cooperators defined below. ISU, Member, and Cooperators together 
are the “Parties” and ISU, each Member, and each Cooperator are each a “Party”. 
 
WHEREAS, ISU is the recipient of funding from the National Science Foundation (“NSF”) and has 
joined together with committed subrecipient entities including the University of New Mexico, the 
The Rector and Visitors of the University of Virginia, the University of California-Irvine, University 
of Wisconsin-Madison, and Rice University (individually a “Cooperator”; in any combination 
“Cooperators”) to establish the Center for Biorenewable Chemicals (“CBiRC”), an NSF Engineering 
Research Center (“NSF ERC”), at ISU for the purpose of developing a platform to produce 
commodity and specialty chemicals from renewable carbon; and 
 
WHEREAS, ISU, Member, and Cooperators desire to participate in certain CBiRC activities; 
 
NOW, THEREFORE, ISU, Member, and Cooperators hereby agree to the following terms and 
conditions. 
 
 
1. CBiRC 
The CBiRC shall be financially supported by NSF and by Members, and shall be implemented, 
managed, and administered by designated faculty and staff at ISU and within CBiRC. At the sole 
discretion of the CBiRC technical project team, any organization may become a member of CBiRC, 
and additional Cooperators and Members may be added at any time.  
 
The CBiRC shall have an Industrial Advisory Board (the “IAB”) composed of one representative 
from each Member. The function of the IAB shall be to provide advice to the CBiRC consistent 
with the aims of the NSF ERC program, including guidance on strategic direction, research 
activities, education programs and technology transfer efforts. The meeting logistics and other 
operating procedures of the IAB shall be determined outside of this Agreement.  
 
 
2. Membership 
Member represents and warrants that it has existed as a legal entity for less than seven (7) years, and 
has not completed an IPO (“Member Criteria”). The status of Membership of a Member in the 
CBiRC shall become effective upon a single payment in the amount of $5,000 which shall be made 
within thirty (30) days after the execution of this Agreement. This Agreement shall be the invoice 
for the first year of Membership. Member shall have the right to renew Membership on an annual 
basis thereafter within thirty (30) days of the Effective Date of each subsequent year or receipt of 
invoice by ISU, whichever is later. Payment shall be sent by Member to Sponsored Programs 
Accounting Office, 3609 Administrative Services Building, Iowa State University, Ames, Iowa 
50011-3609 and made payable to ISU (stub should state “CBiRC  
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Membership”). Membership shall expire if renewal payment(s) is not made in accordance with this 
Article 2. Member may terminate the Agreement by giving ninety (90) days written notice of such 
termination. Dues paid or accrued prior to termination will not be refunded. Membership shall 
entitle each Member to the rights expressly set forth in this Agreement, including but not limited to, 
representation of the Member on the IAB as set forth in Article 1 and the rights set forth in Article 
3.  Membership for businesses meeting the IRS definition of “small business” shall be in the amount 
of $25,000, or a minimum of $10,000 with other considerations to be negotiated on a case-by-case 
basis. 
 
 
3. Publication and Intellectual Property 
The Parties acknowledge and agree that the goals of the CBiRC may be met by both public 
disclosure of results of CBiRC project activities (“Results”) and by protection of patentable subject 
matter arising or resulting from CBirC project activities (“Inventions”). Notwithstanding anything to 
the contrary in this Agreement, ISU and/or Cooperators shall have the unrestricted right to publicly 
disclose the results developed under this Agreement. With consideration of the advice and guidance 
of the IAB, ISU and Cooperators shall reasonably endeavor to balance the timely publication of 
results with the need to seek protection for Inventions. The Parties shall implement a confidentiality 
agreement promptly upon execution of this Agreement, and shall implement other agreements or 
procedures as needed, to facilitate timely review of Results for patentability and for prevention of 
patent bars caused by premature disclosures. 
 
All Inventions created by an investigator(s) of ISU and/or Cooperators under CBiRC projects shall 
vest with the employer or designated assignee of such investigator(s).  Inventorship shall be 
determined in accordance with U.S. law. Prosecution and licensing of Inventions shall be conducted 
by the Cooperator with which an inventor is associated, or such Cooperator’s designee. In the case 
of joint Inventions by investigators of different institutions, an inter-institutional agreement will be 
reached – with terms and conditions consistent with this Agreement – regarding the management of 
such joint Inventions and the sharing of value therein.  
 
Subject to the terms and conditions of this Agreement, Member shall have a non-exclusive, non-
commercial, royalty-free license under ISU and/or Cooperator(s) Inventions or joint Inventions  
created  during the time that Member is in paid-up status under this Agreement to use such 
Inventions for internal research and non-commercial use. Such license shall not include the right to 
make, use, or sell products or processes for commercial purposes or to sublicense. Subject to the 
terms and conditions of this Agreement, Member shall also have a right to negotiate a commercial, 
royalty-bearing license to make, use, and sell products and processes under such Inventions. This 
first right to negotiate shall extend for one hundred twenty (120) days after disclosure of the 
Invention to Member by ISU and/or Cooperator(s). If more than one member of CBiRC requests a 
license within the same field of use, only a fee and/or royalty bearing, non-exclusive license shall be 
available for that field. If only one Member desires a license in a field of use, such Member shall 
have the right to negotiate for a fee and/or royalty bearing exclusive license in such field of use. 
Such licenses shall be consistent with industry standards and the objectives and mission of the 
CBirC. The technology will not be licensed outside of the Members for a period of one hundred 
eighty (180) days after disclosure of the Invention to Member by ISU and/or Cooperator(s).  
 
At the end of such period of one hundred eighty (180) days, ISU and/or Cooperators shall have the 
right to grant licenses to non-Member third parties. For any licenses granted to non-Member third 
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parties, ISU and/or Cooperators shall make reasonable efforts in good faith to ensure that the terms 
and conditions of such licenses shall be on terms no more favorable than terms and conditions 
offered to Members for similar licenses.  
 
The granting of fee and/or royalty bearing licenses to Member herein shall be subject to any third 
party rights or restrictions and to the payment of patent costs by Member. Member shall pay to the 
institution prosecuting the relevant Invention(s) its proportional share, divided equitably among 
licensees, of patent costs of the Invention(s) for which Member has elected to take a license.  
 
EXCEPT AS OTHERWISE MAY BE EXPRESSLY SET FORTH IN THIS AGREEMENT, 
INVENTIONS ARE LICENSED “AS IS” WITHOUT ANY EXPRESS OR IMPLIED 
WARRANTIES WHATSOEVER.  ISU AND COOPERATORS MAKE NO 
REPRESENTATION, NOR EXTEND ANY WARRANTIES OF ANY KIND, EITHER 
EXPRESS OR IMPLIED, AND ASSUME NO RESPONSIBILITY WHATSOEVER WITH 
RESPECT TO USE, SALE, OR OTHER DISPOSITION BY MEMBER OR ITS VENDEES OR 
OTHER TRANSFEREES OF PRODUCTS INCORPORATING OR MADE BY USE OF 
INVENTIONS  LICENSED UNDER THIS AGREEMENT. 
 
 
4. Copyright 
Copyrightable materials created while working on CBiRC projects shall be owned and controlled by  
the author of such materials or his/her designee and/or the applicable institutional policies of 
Members, Cooperators, or ISU. 
 
 
5. Use of Names 
Except as required by law, no Party to this agreement will use the name or logo of the other Party in 
any press release, advertising, or promotional material without the specific prior written permission 
of other such Party.  
 
6. Notices 
Any notices required or permitted to be given hereunder will be in English and will be in writing 
delivered by first class mail or facsimile to the following: 
 
Iowa State University 
Matthew Bailey 
Director of Industry Initiatives 
15 Pearson Hall 
Ames, IA  50010 
515 294 5535 
mabailey@iastate.edu 
 
 
7. Independent Parties 
For purposes of this Agreement, ISU, Cooperators, and Member shall be independent contractors, 
and none shall at any time be considered an agent or an employee of the other. No joint venture, 
partnership or like relationship is created between any of ISU, the Cooperators, or Member by this 
Agreement. 
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8. Indemnification 
l\Iember shall indemnify, defend and hold Cooperators and ISC, including each of their trustees, 
members, officers, directors, emploYees, students, affiliates, im-entors, and authors, harmless against 
any and all claims, proceedings, demands, liabilities, and expenses, including legal expenses and 
reasonable attorneys fees, arising out of the death of or injury to an~- person or persons or out of any 
damage to property and against any other claim, proceeding, demand, expense and liability of any 
kind resulting from Member's actiyities under this _\greement, use of results of this .\greement. 
and/or the production, manufacture, sale, usc, lease, consumption or adyertisement of products of 
l\Iember and/or its affiliates arising from any license right oL\Iember hereunder. 
9. Entire Agreement 
This Agreement sets forth the entire understanding among the Parties with respect to the subject 
matter hereto and supersedes all preyious agreements written or othenyise. This"\greemcnt may be 
amended only in writing by an authorized signatory on behalf of the Parties. 
This. \greement may be executed in any number of counterparts, including facsimile or scanned 
PDF documents. Each such counterpart, facsin"lile or scanned PDr: document shall be deemed an 
original instrument, and all of \Yhich, together, shall constitute one and the same executed 
~\greement. 
Iowa State University 
Agreed by 
-~-,.~ ~ / \ Ij ?/CJS} 
Name: Brent Shanks Date 
Title: Professor and Director, CBiRC 
APpro.ved bY~...,:d- / /
---'-~~'#-I=-' /I jJ';jJ()) itViV-",~=--'--=-~-ti~-----_/ 
Name: ""Iatthew Bailey Date 
Title: Director of Industn' InitiatiYes 
Note: \V'e will prepare a separate SIgnature page for each Cooperator and I\Iember. 
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 CENTER FOR BIORENEWABLE CHEMICALS 
 
DRAFT CONFIDENTIAL DISCLOSURE AGREEMENT 
 
THIS Confidential Disclosure Agreement (“CDA”) is made by and among Iowa State University 
of Science and Technology (“ISU”) located at 1138 Pearson Hall, Ames, IA 50011-2207 through 
its Center for Biorenewable Chemicals (“CBiRC”), the Cooperators and Affiliates as defined 
below and each company entity with a signature affixed hereto (“Member”). ISU, Cooperators, 
Affiliates, and Members together are the “Parties” and ISU, each Member, each Cooperator and 
each Affiliate are each a “Party”.  ISU, Cooperators, and Affiliates are each an “Institution” and 
together “Institutions.” 
 
WHEREAS, ISU is the recipient of funding from the National Science Foundation (“NSF”) 
under Cooperative Support Agreement EEC-0813570 (“Prime Agreement”) and has joined 
together with committed subrecipient entities including: the University of New Mexico, the 
University of Virginia, the University of California-Irvine, The University of Wisconsin, and 
Rice University (individually a “Cooperator”; in any combination “Cooperators”) and the 
University of Michigan and the Salk Institute for Biological Studies (individually an “Affiliate”; 
in any combination “Affiliates”) to establish the Center for Biorenewable Chemicals (“CBiRC”) 
at ISU for the purpose of developing a platform to produce commodity and specialty chemicals 
from biorenewable carbon; 
 
WHEREAS, Members have joined the CBiRC through a CBiRC Membership Agreement that 
contemplates and provides for the development of patentable subject matter, the licensing 
thereof, and the need to develop confidentiality understandings thereto in order to facilitate 
protection of such patentable subject matter; 
 
WHEREAS, Institutions desire to disclose the results of CBiRC activities to other Parties in 
order to enable the performance of activities under the CBiRC; to NSF, in order to meet the 
reporting requirements of the Prime Agreement; and to Members, for review for patentable 
subject matter as contemplated in the CBiRC Membership Agreement.  
 
WHEREAS, the purpose of this CDA is to set forth the expectations of confidentiality with 
respect to the submission and review of results that may contain patentable subject matter and to 
coordinate the necessities of collaborative research activity, publication, and reporting attendant 
thereto. 
 
NOW THEREFORE, the Parties acknowledge and agree to the following:  
 
1. Certain research activities of CBiRC may result in the development of subject matter by 
investigators that is of a scope and content deemed sufficient for consideration of 
patentability (“Inventions”). The Parties have a mutual interest in maintaining Inventions as 
confidential for a limited period of time to allow the filing of patent applications in a manner 
that preserves the patent rights that may be available under United States and foreign patent 
laws. In addition to the other terms and conditions set forth herein the Parties shall endeavor 
to develop awareness and operating procedures in order to coordinate the confidentiality 
expectations set forth in this CDA with the need for open collaborative activity among the 
Parties, the reporting obligations to NSF, and other publication rights and obligations. 
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2. The Institutions shall be a “disclosing party” and/or a “receiving party” as context dictates. 
Members shall be a “receiving party’’ only. “Confidential Information” shall mean any and 
all Inventions that are desired by a disclosing party to be reviewed for patentability and that 
are disclosed or provided by a disclosing party to a receiving party in written form, provided 
that Confidential Information shall not include information: 
 
a. that is or becomes generally known or available to the public without breach of this 
Agreement; 
b. that is known to the receiving party at the time of disclosure, as evidenced by written 
records of the receiving party; 
c. that is independently developed by the receiving party, as evidenced by written records 
of the receiving party; or 
d. that is disclosed to the receiving party in good faith by a third party who has an 
independent right to such subject matter and information; or 
e. that is required to be disclosed by law. 
 
5. A receiving party agrees to hold in confidence all Confidential Information, to not disclose 
any Confidential Information to any third party, and to use Confidential Information solely 
for consideration of patentability. A receiving party shall have the right to disclose 
Confidential Information of the disclosing party to employees, faculty, staff, students, 
agents, or consultants of its organization (“Representatives”) provided that the receiving 
party causes such Representatives to be bound to the terms of this Agreement. 
 
6. Receiving parties will be informed in writing of Inventions.  Members shall have thirty (30) 
days to comment in writing on the patentability of Inventions and, if desired, to express any 
interest in licensing and payment of patent costs thereto. By mutual written agreement, the 
involved Parties shall have the right to extend such review  within the thirty (30) day period. 
Upon expiration of such thirty (30) days or any extension thereto, the disclosing party shall 
have the right to make public disclosure of Inventions, subject to Article 7 hereinbelow. It is 
also anticipated that Members and/or Institutions may identify in advance preliminary or 
projected results that are likely to be patentable, and the Parties shall consider entering into 
more specific confidentiality arrangements thereto as circumstances dictate.    
 
7. This CDA shall expire upon the dissolution of CBiRC.  All Confidential Information shall 
be held confidential for a period of time which is the sooner of the time that the disclosing 
party notifies the receiving party that the obligations of receiving party in Article 5 
regarding all or a portion of disclosing party’s Confidential Information are terminated  or 
two (2) years from the date at which the Confidential Information was first disclosed by the 
disclosing party. 
 
8. Nothing contained in this CDA shall be construed as an obligation to enter into any further 
agreement concerning the Confidential Information, or as a grant of a license to the 
Confidential Information or to any patent or patent application existing now or in the future. 
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 9. This CDA shall not be assignable or otherwise transferable by either Party without the 
consent of the other Party. 
 
10. This CDA shall be the entire understanding between the Parties with respect to the subject 
matter hereto. Nothwithstanding anything to the contrary in this Agreement, in the case of 
any conflict, inconsistency, ambiguity, or differences in interpretation between this CDA 
and the terms and conditions of the Prime Agreement and subcontracts thereof, the terms 
and conditions of the Prime Agreement and subcontracts thereof shall prevail. 
 
11. The parties agree that this Agreement may be executed by facsimile or PDF copies and in 
two (2) or more counterparts, each of which shall be deemed an original and all of which 
together shall constitute but one.  
  
 
 
IN WITNESS WHEREOF, the Parties hereto have caused this Agreement to be executed by 
their duly authorized representatives as of the date first set forth below (“Effective Date”).. 
 
 
IOWA STATE UNIVERSITY 
 
Agreed and Understood 
 
    /   
Name: Brent Shanks  Date 
Title: Director, CBiRC 
        
 
Approved 
 
    /   
Name: Matthew Bailey Date 
Title: Director of Industry Initiatives   
        
 
 
 
_________________________ 
A separate signature page will be created 
for each signing party. 
 
 
 
 
Investigator of Institution  /  Date 
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APPENDIX II.4.  ANIMAL AND/OR HUMAN SUBJECTS APPROVAL 
 
Per ERC Program reporting guidelines, a copy of the Animal and/or Human Subjects 
approval from the relevant Institutional Review Boards (IRBs) is to be provided.  However, as of 
the end of the Center’s Reporting Year, no projects have involved animal or human subjects.  
However, by the end of the Center’s current Award Year, several projects will involve the use of 
human subjects.  In particular, data will be collected on the performance of ERC students (REU 
or regular) and RET and middle school summer academy participants, and the impact of pre-
college programs on students will be assessed.  Since these data may be presented to the public 
through publications or invited talks at conferences, an IRB Human Subjects approval is being 
sought by our colleagues at the Research Institute for Studies in Education (RISE), who are 
helping with the evaluation of the Center’s summer (educational) programs.  This approval will 
be obtained prior to the conduct of surveys; in fact, a request for review has already been 
submitted to the IRB at Iowa State University, and an approval is forthcoming. 
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APPENDIX II.7.  CONFLICT-OF-INTEREST POLICY 
 
Per ERC Program reporting guidelines, a copy of the Center’s Conflict-of-Interest Policy is 
to be provided.  However, as of the date of this report, the Center’s Conflict-of-Interest Policy is 
still under development and has yet to be executed.  A copy, certified by an AOR, will be 
provided upon implementation. 
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